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(57) ABSTRACT 
Rotary expansible chamber (REC) devices having one or 
more working-fluid ports that are adjustable, for example, in 
size or location. In some embodiments, the variable port 
mechanisms can be used to control any one or more of a 
plurality of operating parameters of a REC device indepen 
dently of one or more others of the operating parameters. In 
some embodiments, the REC devices can have a plurality of 
fluid volumes that change in size during rotation of the REC 
device, and that transition to a Zero Volume condition during 
the rotation of the REC device. Systems are also provided that 
can include one or more REC devices. Methods for control 
ling various aspects of REC devices, including methods of 
controlling one or more operating parameters, are also pro 
vided. 
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ROTARY EXPANSIBLE CHAMBER DEVICES 
HAVINGADJUSTABLE ARCS OF ROTATION, 
AND SYSTEMIS INCORPORATING THE 

SAME 

RELATED APPLICATION DATA 

This application is a continuation of U.S. patent applica 
tion Ser. No. 14/147,189, filed on Jan. 3, 2014, and titled 
“Rotary Expansible Chamber Devices Having Adjustable 
Working-Fluid Ports, and Systems Incorporating the Same': 
which is a continuation of PCT Application No. PCT/ 
US2013/053788, filed Aug. 6, 2013, and titled “Rotary 
Expansible Chamber Devices Having Adjustable Working 
Fluid Ports, and Systems Incorporating The Same’; which 
application claims the benefit of U.S. Provisional Patent 
Application No. 61/680,970, filed Aug. 8, 2012, and titled 
“Rotating Expansible Pump'. Each of these applications is 
incorporated by reference herein in its entirety. 

FIELD OF THE INVENTION 

The present invention generally relates to rotary expansible 
chamber devices. In particular, the present invention is 
directed to rotary expansible chamber devices having adjust 
able arcs of rotation, and systems incorporating the same. 

BACKGROUND 

Rotary expansible chamber devices are made up of at least 
one body that rotates relative to another body and that defines 
in conjunction with that other body the boundary of a fluid 
Zone that is configured to receive a working fluid during use. 
The fluid Zone is typically comprised of a plurality of fluid 
Volumes that increase and decrease in size as the rotating 
body rotates. Rotary expansible chamber devices can be used, 
for example, as compressors, where a compressible fluid 
enters the plurality of fluid volumes and is compressed as the 
fluid Volumes decrease in size, or the devices can be used as 
expanders, where the energy from a compressible fluid is 
transferred to the rotating body as the fluid is allowed to 
expand within the fluid volumes. 
A 360° rotation of the rotating body(ies) of a rotary expan 

sible chamber device can be divided into a number of arcs, 
each of which describes one of the following three categories: 
a) a shrinking arc, in which the Volume of the working fluid 
partially or fully bounded by the body(ies) is shrinking, b) an 
expanding arc, in which the volume of fluid partially or fully 
bounded by the body(ies) is expanding, and c) a constant 
volume arc, in which the volume of fluid partially or fully 
bounded by the body(ies) is not changing in size. These arcs 
may or may not move with some relation to the rotating 
body(ies). At locations generally relative to these arcs are 
openings orports which allow fluid to enter and leave the fluid 
ZO. 

An expansible chamber device can have a variety of oper 
ating parameters, such as the rotation rate of the device, the 
mass flow rate of a working fluid, the working fluid output 
temperature and pressure, and the energy either produced or 
consumed by the device. However, prior art devices are 
poorly equipped to control one or more of these parameters 
independently of the other operating parameters, and are 
poorly equipped to do so in an energy efficient manner. 

SUMMARY OF THE DISCLOSURE 

In one implementation, the present disclosure is directed to 
a rotary expansible chamber device. The device includes a 
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2 
first mechanism comprising a first rotary component, the first 
mechanism partially bounding at least a first volume, the first 
volume moving with or substantially with rotation of the first 
rotary component during operation of the rotary expansible 
chamber device; and a second mechanism interfacing with 
the first mechanism to substantially or fully bound the first 
volume along a first arc of inaccessibility; wherein: the first 
arc of inaccessibility has a first extent and a second extent; the 
first volume changes size during operation of the rotary 
expansible chamber device; and the rotary expansible cham 
ber device is designed and configured to allow for selective 
and independent change of the first and second extents of the 
first arc of inaccessibility so as to independently control the 
size of the first volume when the first volume is positioned, 
respectively, at the first and second extents of the arc of 
inaccessibility. 

In another implementation, the present disclosure is 
directed to a heating system configured to transfer heat to a 
controlled environment. The heating system includes an open 
cycle engine coupled to a closed cycle engine, the open cycle 
engine comprising first and second rotary expansible cham 
ber devices each according to claim 4, and the closed cycle 
engine comprising third and fourth rotary expansible cham 
ber devices each according to claim 4, wherein the first, 
second, third, and fourth rotary expansible chamber devices 
are mechanically coupled with one another, the open cycle 
engine having a combustion chamber coupled to the first and 
second rotary expansible chamber devices and configured to 
heat a first working fluid that has been compressed by the first 
rotary expansible chamber device, the second rotary expan 
sible chamber device configured to expand the first working 
fluid heated by the combustion chamber; the closed cycle 
engine being thermally coupled to the open cycle engine by a 
first heat exchanger configured to transfer heat from the first 
working fluid to a second working fluid; and the third and 
fourth rotary expansible chamber devices being coupled to 
the first heat exchanger and a second heat exchanger, thereby 
forming a closed loop, the second heat exchanger being ther 
mally coupled to the controlled environment such that the 
heating system is configured to transfer heat to the controlled 
environment. 

In yet another implementation, the present disclosure is 
directed to a rotary expansible chamber device. The device 
includes a first mechanism including a first rotary component 
configured to rotate; and a second mechanism interfacing 
with the first mechanism to substantially or fully bound a first 
volume so that the first volume moves substantially with the 
rotation of the first rotary component during operation of the 
rotary expansible chamber device; wherein: the rotary expan 
sible chamber device has at least one volume arc of rotation 
including at least one of an expanding-volume arc over which 
a size of the first volume increases during operation of the 
rotary expansible chamber device, a constant-volume arc 
over which a size of the first volume remains substantially the 
same during operation of the rotary expansible chamber 
device, and a shrinking-volume arc over which a size of the 
first volume decreases during operation of the rotary expan 
sible chamber device; and the rotary expansible chamber 
device has a first arc of rotation that controls fluid access to the 
first volume, the first arc of rotation having a first extent and 
a second extent, the second mechanism being designed and 
configured to independently control the first and second 
extents of the first arc of rotation to thereby independently 
control a size of the first volume when the first volume is 
positioned at the first and second extents of the first arc of 
rotation. 
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In yet another implementation, the present disclosure is 
directed to a heating system configured to transfer heat to a 
controlled environment. The heating system includes an open 
cycle engine coupled to a closed cycle engine, the open cycle 
engine comprising first and second rotary expansible cham 
ber devices each according to claim 16, and the closed cycle 
engine comprising third and fourth rotary expansible cham 
ber devices each according to claim 16, wherein the first, 
second, third, and fourth rotary expansible chamber devices 
are mechanically coupled with one another; the open cycle 
engine having a combustion chamber coupled to the first and 
second rotary expansible chamber devices and configured to 
heat a first working fluid that has been compressed by the first 
rotary expansible chamber device, the second rotary expan 
sible chamber device configured to expand the first working 
fluid heated by the combustion chamber; the closed cycle 
engine being thermally coupled to the open cycle engine by a 
first heat exchanger configured to transfer heat from the first 
working fluid to a second working fluid; and the third and 
fourth rotary expansible chamber devices being coupled to 
the first heat exchanger and a second heat exchanger, thereby 
forming a closed loop, the second heat exchanger being ther 
mally coupled to the controlled environment such that the 
heating system is configured to transfer heat to the controlled 
environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, the drawings 
show aspects of one or more embodiments of the invention. 
However, it should be understood that the present invention is 
not limited to the precise arrangements and instrumentalities 
shown in the drawings, wherein: 

FIG. 1 is a schematic diagram of a rotating expansible 
chamber (REC) device system made in accordance with the 
present invention; 

FIG. 2A is a transverse cross-sectional view of a vane-type 
REC device; 

FIG. 2B is an isometric view of the Vane-type REC device 
of FIG. 2A; 

FIG. 2C is a transverse cross-sectional view of the Vane 
type REC device of FIGS. 2A and 2B in a different state; 
FIG.3A is a transverse cross-sectional view of a vane-type 

REC device having six slides: 
FIG. 3B is an isometric view of the Vane-type REC device 

of FIG. 3A: 
FIG. 3C is a transverse cross-sectional view of the Vane 

type REC device of FIGS. 3A and 3B in a different state; 
FIG. 4 is a transverse cross-sectional view of a Vane-type 

REC device with two wedges; 
FIG. 5 is a transverse cross-sectional view of a vane-type 

REC device with eight slides; 
FIG. 6 is a schematic diagram of a system of REC devices 

and other components used to transmit power in an efficient 
manner, 

FIG. 7 is a schematic diagram of a system of REC devices 
and other components used to generate and transmit power in 
an efficient manner; 

FIG. 8 is a schematic diagram of a system of REC devices 
and other components used to transmit heat in an efficient 
manner, 

FIG. 9 is a schematic diagram of an open loop system of 
REC devices coupled to a closed loop system of REC devices, 
and other components, used to generate and transmitheat in 
an efficient manner; 
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4 
FIG. 10 is a diagram describing part of the geometry of a 

gear which may be used as part of a rotary component in a 
REC device; 

FIG. 11 is a view of two gear profiles that may be used as 
rotary components in a REC device; 

FIG. 12 is a diagram describing part of the geometry of a 
gear which may be used as part of a rotary component in a 
REC device; 

FIG. 13 illustrates two gear profiles that may be used as 
rotary components in a REC device; 

FIG. 14A is a cross sectional view of a REC device having 
slides and endplates; 

FIG. 14B is an isometric view of the REC device of FIG. 
14A; 

FIG. 15A is a cross sectional view of a vane-type REC 
device with a plurality of expanding arcs and a plurality of 
shrinking arcs. 

FIG. 15B is an isometric view of the REC device of FIG. 
15A; 

FIG. 16A is a cross sectional view of a REC device having 
valves coupled to a fluid Zone; 

FIG. 16B is an isometric view of the REC device of FIG. 
16A. 

DETAILED DESCRIPTION 

Some aspects of the present invention include various vari 
able-port mechanisms, control systems, and methods for 
repeatably and predictably changing any one or more of a 
plurality of operating parameters of a rotating expansible 
chamber (REC) device independently of one or more others 
of the operating parameters in an energy efficient and effec 
tive manner. Other aspects of the present invention includes 
REC devices and REC-device-based systems that incorporate 
Such variable-port mechanisms and control systems, indi 
vidually and together, and/or utilize such methods. As will 
become apparent from reading this entire disclosure, REC 
devices that can benefit from Such variable-port mechanisms, 
control systems, and methods include, but are not limited to, 
Vane-type REC devices, gerotor-type REC devices, and 
eccentric-rotor-type REC devices. Moreover, the benefits that 
can result from implementing Such variable-port mecha 
nisms, control systems, and/or methods can be enjoyed 
regardless of the role of the REC device, such as whether it is 
functioning as a compressor, expander, pump, motor, etc., and 
combinations thereof Indeed, the benefits that aspects of the 
present invention provide can make REC devices highly 
desirable in terms of performance for any of these functions 
and may also lead to implementing REC devices in systems, 
Such as vehicle propulsion f energy recovery systems, heat 
generator, short and long distance power transmission, and 
heat pumps, among many others, wherein uses of conven 
tional REC devices may have heretofore not been seriously 
considered because of their performance limitations. 

In view of the broad applicability of the various aspects of 
the present invention to REC devices and systems incorpo 
rating Such devices, FIG. 1 of the accompanying drawings 
introduces some of the general features and principles under 
lying the variable-port functionalities described herein and 
exemplified with particular examples in the remaining figures 
and accompanying description. Referring now to FIG. 1, this 
figure illustrates an exemplary embodiment of an REC device 
system 100 that is capable of repeatably and predictably 
controlling any one or more of a plurality of operating param 
eters of the system independently of other operating param 
eters in an energy efficient manner. System 100 includes an 
REC device 104, which in this example comprises an outer 
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rotary component 108 and an inner rotary component 112 that 
together (and with any end pieces (not shown), such as plates 
or housing component(s)) define a fluid Zone 116 that 
receives a working fluid, F, during use. It is noted that the term 
"rotary component as used herein and in the appended 
claims shall mean a component that is either a rotational 
component, Such as a rotor, gear, eccentric rotor, eccentric 
gear, etc., that rotates or has a rotational component during 
use, or a stationary component, such as a stator, that is 
engaged by a rotational component during use. As those 
skilled in the art will appreciate, an REC device of the present 
disclosure, such as REC device 104, can have one or more 
rotational components. In the embodiment shown, which has 
inner and outer rotary components 108 and 112, respective, 
one, the other, or both of the inner and outer rotary compo 
nents can be rotational components. 

In the illustrated embodiment, during operation inner 
rotary component 112 can rotate in either direction as indi 
cated by double arrow R. By virtue of the inter-engagement of 
outer and inner rotary components 108 and 112, fluid Zone 
116 has a plurality of fluid volumes defined therebetween, at 
least one of which increases and decreases in size during 
movement of inner rotary component 112, depending on the 
direction of its rotation. During use, whether a given fluid 
Volume is increasing or decreasing in size at a given circum 
ferential position depends on the rotational direction of inner 
rotary component 112 and the arc through which it is travel 
ing. In the embodiment shown, a complete rotation of inner 
rotary component 112 includes 1) an expanding-volume arc 
116A, in which the fluid volumes are increasing in size, 2) a 
shrinking-volume arc 116B in which the fluid volumes are 
decreasing in size, and 3) a constant-volume arc 116C in 
which the fluid volumes remain substantially the same size. In 
other embodiments, an REC device can have more than one 
expanding-volume arc, more than one shrinking-volume arc, 
and Zero or more than one constant-volume arc. 
REC device 104 further includes at least one adjustable 

working-fluid port in fluid communication with fluid Zone 
116 for the purpose of communicating working fluid F to the 
fluid Zone or communicating working fluid from the fluid 
Zone. In the example shown, REC device 104 has two adjust 
able working fluid ports 120 and 124. In the illustrated 
embodiment, working fluid F within fluid Zone 116, more 
specifically within various ones of the plurality of fluid vol 
ume arcs 116A to 116C, may gain access to adjustable ports 
120 and 124 during certain portions of the rotation of inner 
rotary component 112. During other portions of the rotation 
of inner rotary component 112, ones of the fluid volume arcs 
116A to 116C may be fully bounded and may not be in fluid 
communication with either adjustable port 120 or adjustable 
port 124. Depending on the configuration of REC device 104, 
fluid Zone 116 may have access to adjustable port 120 or 
adjustable port 124 during any one of the expanding, shrink 
ing, and constant volume arcs 116A, 116B, and 116C. In 
addition and as alluded to above, adjustable ports 120 and 124 
can be located in a variety of locations on REC device 104, for 
example, they can be located on an outer circumferential 
surface of the device, at a position radially inward from the 
outer circumferential Surface, or on a longitudinal end of the 
device, among others. As will become apparent from reading 
this entire disclosure, each adjustable port 120 and 124 can be 
adjustable in circumferential, or angular position, flow area, 
or both. In this connection, it is noted that the term “circum 
ferential refers to directionality only, and not location. 

Regarding angular position, if so enabled, the angular posi 
tion of each adjustable port 120 and 124 can be adjusted such 
that the portion(s) of fluid Zone 116 over which fluid F has 
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6 
access to either of adjustable ports 120 and 124 can be 
changed. For example, the angular position of adjustable port 
120 can be changed from a first position, wherein fluid F 
within fluid Zone 116 gains access to that port at the beginning 
of expanding Volume arc 116A, to a second position, wherein 
the fluid within the fluid Zone does not gain access to adjust 
able port 120 until the middle or end of expanding-volume arc 
116A. The angular position of adjustable port 120 may also 
be adjusted Such that the moving Volume arcs only gain 
access to that port during a portion of shrinking-volume arc 
116B or constant-volume arc 116C. Similarly, the angular 
position of adjustable port 124 can be adjusted to vary the 
location along volume arcs 116A to 116C where fluid F 
within fluid Zone 116 gains access to that port. 

Regarding adjustability of flow area, the size of the flow 
area of an adjustable port of the present disclosure, such as 
either of adjustable ports 120 and 124, can be varied in any 
Suitable manner, Such as by varying its circumferential extent 
(e.g., which can be denoted as circumferential length or cir 
cumferential width, depending on preference) or by varying 
its axial extent (e.g., length or width (depending on prefer 
ence) in a direction parallel to an axis of rotation of one of the 
rotary components), or by varying both. For example, the 
circumferential extent of adjustable ports 120 and 124 may be 
adjusted such that the portion of the one or more arcs 116A to 
116C over which fluid F within fluid Zone 116 gains access to 
the ports can be changed. For example, adjustable port 120 
can be adjusted from a first circumferential extent, wherein 
fluid F within fluid Zone 116 gains access to that port over a 
first percentage of expanding arc 116A to a second, larger 
circumferential extent, where the fluid within the fluid Zone 
gains access to the first port 112 over a second, larger per 
centage of expanding arc 116A. As noted above, the axial 
extent of either or both of adjustable ports 120 and 124 may 
also be adjustable, such that fluid F within fluid Zone 116 may 
have access to such ports over a larger flow area along longi 
tudinal axis 128 of REC device 104. Through adjusting one or 
more of the angular position, circumferential extent, and axial 
extent of the one or more working-fluid ports, the location(s) 
and flow area(s) at which the working fluid within the fluid 
Zone is in fluid communication with fluid systems (not 
shown) external to the REC device can be highly precisely 
tuned to operating conditions and desired performance. 
As will also be seen below, adjustable ports of the present 

disclosure. Such as ports 120 and 124, can also be made 
adjustable by selectively joining the ports with one another 
and/or with one or more non-adjustable ports outside of the 
corresponding fluid Zone, Such as fluid Zone 116. Depending 
on a variety of factors, including the function of REC device 
104 in a particular application, adjustable ports 120 and 124 
may be of opposite types, i.e., one inlet port and one outlet 
port, or may be of the same type, i.e., both are inlet ports or 
both are outlet ports. In other embodiments, an REC device of 
the present disclosure may have more or fewer than two 
adjustable ports. In addition, although not shown in FIG. 1, an 
REC device of the present disclosure may also include one or 
more non-adjustable ports. 

Each adjustable port 120 and 124 is made adjustable using 
one or more adjusting mechanisms 132 and 136, respectively. 
Examples of adjusting mechanisms suitable for use as adjust 
ing mechanisms 132 and 136 include, but are not limited to, 
circumferential slides, helical slides, rotatable rings, rotatable 
plates, movable wedges, and any necessary actuators (e.g., 
electrical motors, hydraulic actuators, pneumatic actuators, 
linear motors, etc.), any necessary transmissions (e.g., worm 
gears, racks and pinions, etc.), and any necessary components 
for Supporting Such devices. After reading this entire disclo 
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sure, including the detailed examples described below, those 
skilled in the art will readily be able to select, design, and 
implement a Suitable adjusting mechanism for any given 
adjustable port made in accordance with the present inven 
tion. REC device system 100 further includes one or more 
controllers, here a single controller 140, that may be designed 
and configured to control the angular position and/or flow 
area size of adjustable ports 120 and 124. As will be described 
more fully below, the controller(s), such as controller 140, can 
be designed and configured to adjust any one or more adjust 
able ports, such as adjustable ports 120 and 124, so as to 
control one or more operating parameters independently of a 
plurality of other operating parameters. As those skilled in the 
art will readily appreciate, REC device system 100 may also 
include one or more sensors 142. For example, one or more 
sensors 142 may be utilized in connection with controller 140 
and one or both of mechanisms 132 and 136 to monitor one or 
more parameters, for example, a position of the mechanisms, 
a temperature, pressure, or mass flow rate of working fluid F 
at one or more locations, and the rotation rate of one or more 
rotary components, as well as a variety of other parameters. 

In some embodiments, REC device 104 may be fully 
reversible such that inner rotary component 112 can rotate in 
either direction, as indicated by arrow R. The direction offlow 
of working fluid F may also be reversible such that either 
adjustable port 120 or 124 can be a working-fluid input port 
and the other port can be a working-fluid output port. Also, in 
some embodiments, the direction of flow can reversed with 
out changing the direction of rotation of the inner rotary 
component 112. As mentioned above, in alternative embodi 
ments, the device can have additional ports, for example, the 
device may have two or more input ports and two or more 
output ports, and one or more of the ports can be adjustable. 
When the angular position and/or the size of a working-fluid 
input port is adjusted, the arc of access to the input port can 
change, which can change a mass of working fluid that enters 
the fluid Volumes. Also, adjusting the input port can change 
the arc over which the fluid volumes do not have access to a 
port, also called an arc of inaccessibility. Changing the cir 
cumferential location and size of an arc of inaccessibility can 
alter the percent of change in Volume of the working-fluid. 
Also, adjusting the angular position and/or the size of the 
working-fluid output port can also change the circumferential 
location and size of an arc of inaccessibility. As described 
more fully below, by controlling some or all of the input ports 
and output ports, any one of a plurality of operating param 
eters can be repeatably and predictably controlled in an 
energy efficient manner independently of the other operating 
parameters. 

In the illustrated embodiment, REC device 104 is config 
ured to compress or decompress a compressible fluid to a 
desired pressure while it is in an isolated volume or chamber, 
for example, within the plurality of volumes in fluid Zone 116, 
before it is expelled from said chamber. The plurality of 
Volumes may also transition to a Zero or Substantially Zero 
Volume at the beginning and end of each cycle, which can 
maximize the efficiency of the device. Transitioning to a 
Substantially Zero Volume can increase efficiency by ensuring 
each of the plurality of volumes begins and ends with no 
carry-over of working fluid F. This is in contrast to allowing 
working fluid F which has reached the exhaust pressure to be 
retained in the chamber and allowed to return to the intake 
pressure in an uncontrolled manner. 

Referring now to FIG. 2A-2C, these figure illustrate a 
specific exemplary embodiment of a vane-type REC device 
200 having two adjustable ports 202 and 206, which are 
described more fully below. As shown in FIG. 2A-2C. REC 
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8 
device 200 includes a rotor 210 rotatably disposed within a set 
of two helical slides 212 and 216, and one wedge 220. As will 
be readily understood, rotor 210 corresponds to inner rotary 
component 112 of FIG. 1, and the set of helical slides 212 and 
216 and wedge 220 can correspond to one or more of outer 
rotary component 108 and mechanisms 132 and 136 of FIG. 
1. Slides 212 and 216 partially define fluid ports 202 and 206, 
and slides 212 and 216 and rotor 210 define a fluid Zone 224 
therebetween. Fluid Zone 224 is comprised of a plurality of 
fluid volumes 226 (only two of which are labeled to avoid 
clutter) and is configured to receive a working fluid (not 
shown) during use. Fluid volumes 226 are defined by a plu 
rality of vanes 228 (only a two of which are labeled to avoid 
clutter) which are slidably disposed within an outer circum 
ferential surface of rotor 210. The plurality of vanes 228 are 
configured to slide radially inwards and outwards as rotor 210 
rotates so that the Vanes remain in contact with slides 212 and 
216 throughout the rotation of the rotor. If rotor 210 rotates 
clockwise as shown by the arrow R, a 360° rotation of the 
rotor includes an expanding arc 230 and a shrinking arc 232. 
In the illustrated embodiment, ones of the plurality of vol 
umes 226 increase in size as they travel across expanding arc 
230 and decrease in size as they travel across shrinking arc 
232. 

In the embodiment shown, Vane-type REC device 200 has 
two adjustable ports 202 and 206, with port 202 being an 
intake port and port 206 being an exhaust port. Ports 202 and 
206 are defined and made adjustable by adjustable slides 212 
and 216 and wedge 220. Intake port 202 is defined by adjust 
able slide 212 (intake slide) and wedge 220. Similarly, 
exhaust port 206 is defined by adjustable slide 216 (exhaust 
slide) and wedge 220. In the illustrated embodiment, intake 
slide 212, exhaust slide 218, and wedge 220 form a helix. In 
Some embodiments, wedge 220 may be moved away from 
rotor 210 radially to join the two ports the wedge separates, 
for example, ports 202 and 206. Wedge 220 may also be 
moved circumferentially to change the locations of the ports 
202 and 206. In addition, slides 212 and 216 may both be 
moved circumferentially to increase or decrease the circum 
ferential extents, or sizes, of the respective ports 202 and 206, 
which will change the arc of access of fluid Zone 224 to those 
ports. In some embodiments, one or more of circumferential 
slides 212 and 216 may be rotated 180° or more to provide 
more than the 90° of access to a particular one or more of ports 
202 and 206. Slides 212 and 216 may also be rotated counter 
to each other to such an extent that ports 202 and 206 are 
joined. 

In the illustrated embodiment, wedge 220 may be adjusted 
to independently increase or decrease the circumferential 
extent of ports 202 and 206 by either moving wedge 220 
radially to join/divide the ports or circumferentially to change 
the size of the ports. In the illustrated embodiment, wedge 220 
divides the ports, which have a constant arc between them, the 
ports defined by being placed circumferentially between two 
slides in corresponding slide helix, while slides may be used 
to provide variability over the intervening arc between two 
ports and are defined as being placed at the ends of each slide 
helix as shown in state 250 in FIG. 2B, which is an isometric 
view of FIG. 2A and in the same state as state 260. In some 
embodiments, each wedge 220 may be replaced by two cir 
cumferential slides, for example, a helix may be divided into 
two helixes, as illustrated in FIGS. 3A-C (discussed more 
fully below). In some embodiments, two slides may also be 
replaced by a single wedge (not shown), and two slide helixes 
may be consolidated, for example, if it is desirable for one or 
more of ports 202 and 206 being divided by a wedge to remain 
at a constant relative spacing as in REC device 200. Though 
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the above description of adjustable slides 212 and 216 
describes the slides as having infinite circumferential move 
ment, alternative implementations may constrain the move 
ments of some or all of the slides. 

In the embodiment described in FIG. 2A-C, wedge 220 is 
shown in a position which divides two ports 202 and 206 
where a fluid volume 228 will have Zero or substantially Zero 
volume. Thus, a fluid volume 228 will pass through a Zero 
volume arc when is passes wedge 220. In the illustrated 
embodiment, the inner surface of wedge 220 and the outer 
surface of rotor 210 have complimentary shapes at the Zero 
volume location such that there are substantially no voids 
where a working fluid F could become trapped. This ensures 
working fluid F is completely exhausted, which prevents fluid 
from recirculating through REC device 200, which makes the 
device more volume efficient. This also prevents fluids which 
have different pressures and or temperatures from mixing in 
an uncontrolled manner, thus increasing the energy efficiency 
of REC device 200. This functionality may be replaced by 
two circumferential slides as Stated previously. 

From the ideal gas equation (pV-nRT) from Thermody 
namics, it is known that the pressure and temperature of a 
compressible fluid will increase or decrease in a repeatable 
and predictable manner when its Volume is decreased or 
increased respectively and when no additional energy is 
added or removed from the fluid. It is also known that, this 
resultant pressure and temperature change will be a function 
of the starting pressure, starting temperature, and the percent 
of change in Volume (either positive or negative), as long as 
there is no heat added to or removed from the system, and no 
chemical or nuclear reactions that would change the tempera 
ture of the fluid. It follows that, if the desired change in 
pressure and/or temperature is to be increased, the change in 
Volume should be increased, and that if the desired change in 
pressure and/or temperature is to be decreased, the change in 
Volume should be decreased. 

With this understanding, it can be seen that by adjusting the 
size and/or angular position of one or more ports, for 
example, ports 202 and 206, the locations of the beginning 
and end of each arc of access from the one or more ports to 
fluid Zone 224 (and thus the resulting arcs of inaccessibility to 
any port) is controlled, thereby controlling: a) the change in 
Volume of each fluid Volume 226 as it passes through each arc 
of access, and thus how much fluid is transmitted to and from 
each fluid volume 226 in said arc; and b) the change involume 
of each fluid volume 226 as it passes through each arc of 
inaccessibility, and thus the pressure of compressible fluid in 
fluid volume 226 just before a port, for example, port 206 is 
provided access to it. In this way, the exhaust pressure and 
temperature provided by device 200 may be repeatably and 
predictably changed by changing the size and circumferential 
extent of an exhaust port, for example, port 206, without a 
change in the intake pressure, intake temperature, rotation 
rate of the rotary component(s), for example, rotor 210, or the 
resulting working fluid mass flow rate. 

Unlike adjusting the exhaust port, as described above, 
changing the angular position and circumferential extent of 
the intake port, for example, port 202, also changes the Vol 
ume of fluid that is taken in by the device 200 per rotation of 
rotor 210, and therefore the resulting mass fluid flow per 
rotation. In this way, the exhaust pressure, exhaust tempera 
ture, and the mass fluid flow rate may be repeatably and 
predictably changed by changing the size and circumferential 
extent of the intake port, but without changing the intake 
pressure, intake temperature, or the rotary component(s) rota 
tion rate. 
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10 
It is further seen that when the exhaust pressure, tempera 

ture, and working fluid mass flow rate are changed as a result 
of adjusting the intake port, for example, port 202. Such as by 
adjusting the circumferential extent orangular position of the 
port, those parameters cannot be changed independently by 
only adjusting the intake port. However, because a change to 
the exhaust port will change only the exhaust pressure and 
temperature but not the working fluid mass flow rate, the 
exhaust port can be adjusted to keep the exhaust pressure and 
temperature constant when the intake port is adjusted to pro 
vide the desired working fluid mass flow rate but would 
otherwise change said exhaust pressure and temperature. 
Thus, by changing the size and circumferential extents of 
both the intake and exhaust ports, the working fluid mass flow 
rate may be repeatably and predictably changed without 
requiring a change to the intake pressure, intake temperature, 
the rotation rate of the rotary component(s), exhaust pressure, 
or exhaust temperature. 
The working fluid mass flow rate may also be increased by 

increasing the rotation rate of the rotary component(s), and 
this increase is approximately proportional, repeatable, and 
predictable. However, because the working fluid mass flow 
rate may be changed independently of the rate of rotation per 
the above, the rotation rate of the rotary components, for 
example, rotor 210 and the intake and exhaust ports may be 
adjusted by changing their size and circumferential extent so 
that the rotation rate of the rotary component(s) may change 
without requiring a change to the intake pressure, intake 
temperature, working fluid mass flow rate, exhaust pressure, 
or exhaust temperature. 

Furthermore, changing the intake pressure correspond 
ingly changes both the mass of the fluid being taken in by 
device 200 as well as the exhaust pressure. However, because 
the working fluid mass flow rate and the exhaust pressure may 
be changed independently of each other and independently of 
the intake pressure, the intake and exhaust ports may also be 
adjusted repeatably and predictably by changing their size 
and circumferential extent so that the intake pressure may 
change without requiring a change to the rotation rate of the 
rotary component(s), the working fluid mass flow rate, or the 
exhaust pressure. 

In a similar manner, changing the intake temperature cor 
respondingly changes the exhaust temperature but also 
changes the mass of the fluid being taken in by the device and 
thus the working fluid mass flow rate. Also in a similar man 
ner, because both the working fluid mass flow rate and the 
exhaust temperature may be changed independently of each 
other and independently of the intake temperature, the intake 
and exhaust ports may also be repeatably and predictably 
changed by changing their size and circumferential extent so 
that the intake temperature may change without requiring a 
change to the rotation rate of the rotary component(s), the 
working fluid mass flow rate, or the exhaust temperature. 

In addition, because of pV-nRT, temperature can be sub 
stituted for pressure and pressure for temperature in the pre 
vious two statements. Thus, the above methods can be used to 
repeatably and predictably change the intake pressure with 
out requiring a change to the exhaust temperature, though the 
exhaust pressure would change. Similarly, the above methods 
can be used repeatably and predictably so that the intake 
temperature may change without requiring a change to the 
exhaust pressure, though the exhaust temperature would 
change. 

While State 260 shows REC device 200 with slides 212 and 
216 positioned so that the pressure and temperature at port 
202 are higher than the pressure and temperature at port 206 
and thus functions as a compressor, in state 270, slides 212 
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and 216 are repositioned so that the pressure and temperature 
at port 206 are lower than the pressure and temperature at port 
202. This repositioning does not require a mass fluid flow rate 
reversal. Instead, the direction of mass flow may remain the 
same and the fluid may be forcibly expanded instead of forc 
ibly compressed, in which case REC device 200 would be 
functioning as an expander. 
When the direction of rotation of rotor 210 is reversed, the 

working fluid mass flow is also reversed. For example, if the 
direction of rotation R is reversed when REC device 200 is in 
state 260, REC device 200 would function as an expander as 
shown in state 270. Similarly, if the direction of rotation R in 
state 270 is reversed, REC device 200 would function as a 
compressor. Thus, the combination of moveable slides and 
wedge(s) and a reversible rotor allows REC device 200 to be 
highly flexible and configurable. 

FIGS. 3A-3C illustrate another REC device 300 that is 
similar to REC device 200 of FIGS 2A-2C in that it has a 
rotor 310 rotatably disposed within slides 312 and 316, and 
slides 312 and 316 partially define ports 302 and 306. In 
addition, the respective names and functions of features 302, 
306, 310, 312,316,324, 326, 328,330,332, and R in FIGS. 
3A-3C are identical to the corresponding features 202, 206, 
210, 212,216, 224, 226, 228, 230, 232, and Rin FIGS. 2A-2C 
respectively, though their shapes and sizes may differ. How 
ever, as shown in FIGS. 3A-C, unlike wedge 220 in REC 
device 200, REC device 300 effectively has a separated 
wedge in the form of a second intake slide 334 and a second 
exhaust slide 336, and instead of the single slide helix (not 
labeled) in REC device 200, REC device 300 has a first slide 
helix 338 and a second slide helix 340, best seen in FIG.3B, 
which is an isometric view of FIG. 3A and in the same state as 
360. As with REC device 200, the size of intake port 302 and 
exhaust port 306 may be changed independently of each 
other. Because slides 334 and 336 may move independently 
of each other, the positions of intake port 302 and exhaust port 
306 may also be changed independently of each other and 
may also be Switched by changing the circumferential posi 
tion of the four slides 312,316,334, and 336, for example, as 
shown in FIGS. 3A and 3C, the slides are in a first state 360 in 
FIG. 3A and can be moved to a second state 370 as shown in 
FIG. 3C. By doing so, the direction of rotation R may be 
changed without changing the intake pressure, intake tem 
perature, exhaust pressure, exhaust temperature, working 
fluid mass flow rate, or rotation rate of the rotary compo 
nent(s). 

This change in rotation direction might also be accom 
plished by the use of valves (not shown) at the ports. 

FIG. 4 illustrates a further REC device 400 that is similar to 
REC device 300 shown in FIGS. 3A-3C. In this connection, 
the respective names and functions of features 410, 412,416, 
424, 426, 428, 430, 432, 434, 436, and R in FIG. 4 are 
identical to the corresponding features 310, 312,316, 324, 
326,328,330,332,334,336 and R in FIGS. 3A-3C, respec 
tively, though their shapes and sizes may differ. FIG. 4 shows 
how REC device 400 has a further addition of a first wedge 
442 that may split what was a single intake port 302 in REC 
device 300 into a first intake port 444 and a second intake port 
446. REC device 400 also has a second wedge 448 that may 
split what was a single exhaust port 306 in REC device 300 
into a first exhaust port 452 and a second exhaust port 454. 
These wedges 442 and 448 function in a similar but different 
manner as wedge 220, and, in the illustrated embodiment, are 
shaped differently. Both wedges 442 and 448 separate two 
ports by a fixed circumferential arc, but, unlike wedge 220, 
wedges 442 and 448 separate the two intake ports 444 and 446 
from each other and the two exhaust ports 452 and 454 from 
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each other. Each wedge 442 and 448 may be moved circum 
ferentially around its helix to change the size and location of 
the ports 444, 446, 452, and 454, and radially to join the ports 
each wedge 442 and 448 separate, and each of these actions 
may be performed independently of all other actions. 

In the illustrated embodiment, added wedge 448 is sized so 
that, as the rotary components rotate past the wedge 448, there 
is no point at which the ports 452 and 454 it separates are 
connected through the fluid volumes 426, but that said fluid 
volumes 426 will not be disconnected from both exhaust ports 
452 and 454 at the same time by wedge 448. Because, in the 
illustrated embodiment, the volume of fluid in fluid volumes 
426 does not change between the two exhaust ports 452 and 
454, there is no difference in pressure or temperature at the 
two exhaust ports 452 and 454. In this way, the two exhaust 
ports 452 and 454 can have the same exhaust temperature and 
pressure, and can have a combined working fluid mass flow 
rate equal to that of a single exhaust port 306 in REC device 
300 without wedge 448. In alternative embodiments, ports 
452 and 454 may be further divided multiple times with 
additional wedges to further divide what would otherwise be 
a single port, such as the single exhaust port 306. Further 
more, wedge 448 and any additional wedges (not shown) 
added to further divide the exhaust port may be moved to 
change the proportion of the working fluid mass flow that is 
expelled into each exhaust port, and these proportion(s) may 
be changed independently of the exhaust pressure, exhaust 
temperature, intake pressure, intake temperature, rotary com 
ponent(s) rotation rate, rotation direction R, and combined 
working fluid mass flow rate. This can be combined with the 
ability to change the overall working fluid mass flow rate as 
described previously to repeatably and predictably change 
the intake and exhaust port sizes and circumferential extents 
to change the working fluid mass flow rate out of any exhaust 
port(s), for example, ports 452 and 454, and in any combina 
tion independent of the working fluid mass flow rate out of 
any other exhaust port(s) 452, 454, intake pressure, intake 
temperature, rotary component(s) rotation rate, rotation 
direction R, identical exhaust temperatures, and identical 
exhaust pressures. 
As with wedge 448, added wedge 442 is sized so that, as the 

rotary components rotate past wedge 442, there is no point at 
which ports 444 and 446 are connected through the fluid 
volumes 426 defined by the rotating bodies, but that said fluid 
volumes 426 will not be disconnected from both intake ports 
444 and 446 at the same time by the wedge 442. Because, in 
the illustrated embodiment, the volume of the fluid in the fluid 
volumes 426 does not change between the two intake ports 
444 and 446, there is no change in pressure or temperature at 
the two intake ports 444 and 446 induced by REC device 400. 
As discussed below, the intake port fluid compositions, pres 
sures, and temperatures can be identical (the “first case” 
described below), and they can be different (the “second 
case” described below). 

In the first case, there are two intake ports 444 and 446 with 
the same intake temperature and pressure, and with a com 
bined working fluid mass flow rate equivalent to that of a 
single intake port 302 without wedge 442, and these intake 
ports 444 and 446 may be further divided multiple times to 
further divide what was intake port 302. Furthermore, wedge 
442 and any additional wedges (not shown) added to further 
divide what was intake port 302 may be moved to change the 
proportion of the working fluid mass flow that is drawn into 
each intake port 444, 446, and (not shown), and these propor 
tion(s) may be changed independently of the intake pressure, 
intake temperature, exhaust pressure, exhaust temperature, 
rotary component(s) rotation rate, rotation direction R, and 
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combined working fluid mass flow rate. This can be combined 
with the ability to change the overall working fluid mass flow 
rate as described previously to repeatably and predictably 
change the intake and exhaust port sizes and circumferential 
extents to change the working fluid mass flow rate into any of 5 
the intake port(s) 444, 446, and (not shown) in any combina 
tion independent of the work fluid mass flow rate into any 
other intake port(s) 444, 446, and (not shown), identical 
intake pressures, identical intake temperatures, rotary com 
ponent(s) rotation rate, rotation direction R, exhaust tempera 
ture, or exhaust pressure. When further combined with divid 
ing the exhaust port 306 as described above, the intake and 
exhaust port sizes and circumferential extents can be changed 
to repeatably and predictably change the working fluid mass 
flow rate of two or more ports (intake and/or exhaust) 444, 
446, 452, 454 independent of the working fluid mass flow 
rates of the remaining ports 444, 446, 452, 454, and indepen 
dent of the identical intake pressures, identical intake tem 
peratures, identical exhaust pressures, identical exhaust tem 
peratures, rotary component(s) rotation rate, and rotation 
direction R. 

In the second case, there are two intake ports 444 and 446 
with different intake temperatures and/or pressures, and with 
a combined working fluid mass flow rate not equivalent to that 
of a single intake port 302 without wedge 442, and these 
intake ports 444 and 446 may be further divided multiple 
times to further divide what was intake port 302. Unlike with 
the first case, the fluid in fluid volumes 426 with pressures and 
temperatures of previous intake port(s) 444, 446, and (not 
shown) will expand or contract to the pressure of the next 
intake port 444, 446, or (not shown) as it gains access to that 
intakeport 444, 446, or (not shown). Therefore, the lastintake 
port to have access to each fluid volume 426 will have com 
plete control of the equivalent of the intake port pressure, and 
that the proportion of fluid remaining in the fluid volume 426 
from each intake port 444, 446, and (not shown) is a function 
of each intake port's fluid composition, pressure, and tem 
perature with relation to the rest, the order of port access, as 
well as the change in volume of the fluid volume 426 while it 
has access to each intake port 444, 446, and (not shown). As 
the fluids with different temperatures are mixed within and 
without the fluid volume 426, their temperatures may equal 
ize to a new temperature based on their initial temperatures 
and thermal masses, and this equivalent intake port tempera 
ture will be a function of the temperatures and thermal masses 
of the fluids at all the intake ports as well as any chemical 
reactions. With this assumption, there is still a single equiva 
lent intake port pressure and single equivalent intake port 
temperature which may still be repeatably and predictably 
changed independently of the exhaust pressure, exhaust tem 
perature, overall working fluid mass flow rate, rotation direc 
tion R, and rotary component(s) rotation rate as described 
previously. In addition, the intake and exhaust port sizes and 
circumferential extents may be changed to repeatably and 
predictably change the working fluid mass flow rate of two or 
more ports (intake and/or exhaust) 444, 446, 452, 454, inde 
pendent of the working fluid mass flow rate of the remaining 
ports 444, 446, 452, 454, and independent of the equivalent 
intake pressure, equivalent intake temperature, identical 
exhaust pressures, identical exhaust temperatures, rotation 
direction R, and rotary component(s) rotation rate. The ideal 
gas equation (pV-nRT), combined with different intake pres 
sures and/or the mixing of multiple fluids with different initial 
temperatures and the ability to control the working fluid mass 
flow rate of each intake port 444, 446 may be used to repeat 
ably and predictably control the equivalent intake tempera 
ture, and do so independent of the overall working fluid mass 
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14 
flow rate, individual exhaust working fluid mass flow rates, 
the equivalent intake pressure, identical exhaust pressures, 
identical exhaust temperatures, rotation direction R, and 
rotary component(s) rotation rates. In turn, this control allows 
us to change the intake and exhaust port sizes and circumfer 
ential extents so that the temperature of each intake port 444, 
446 may repeatably and predictably change independent of 
the temperature of every other intake port 444, 446 and inde 
pendent each intake port pressure, the identical exhaust pres 
Sures, the identical exhaust temperatures, each exhaust port 
working fluid mass flow rate, rotation direction R, and rotary 
component(s) rotation rate. 

However, allowing the compressible fluid at the various 
intake ports to equalize pressures as their volumes are con 
nected is less energy efficient compared to using the device to 
equalize their pressures before they are connected. FIG. 5 
shows an REC device 500 that is similar to REC 400 shown in 
FIG. 4. Indeed, the respective names and functions of features 
510,512, 516,524,526,528,530, 532,534, 536,544, 546, 
552, 554, and R in FIG. 5 are identical to the corresponding 
features 410, 412, 416, 424, 426, 428, 430, 432, 434, 436, 
444, 446, 452, 454, and R in FIG. 4 respectively, though their 
shapes and sizes may differ. As described previously, a single 
wedge 442, 448, or (not shown) may be replaced by splitting 
the wedge’s slide helix (not labeled) into two slide helixes and 
two additional slides 556, 558, 562, 564 in place of two 
wedges, for example, wedges 442, 448 in REC device 400. 
With all the ports 544, 546, 552, 554, circumferentially con 
strained by slides 512,516,534,536,556,558,562,564, the 
sizes and circumferential extents of all ports 544, 546, 552, 
554, may all be changed independent of all others, their 
locations may be switched, and they may even be combined, 
thereby removing the assumption that there is no pressure 
change that is induced by REC device 500 between any of the 
ports 544, 546, 552, 554. As a result, the port sizes and 
circumferential extents may be changed so that the pressures 
and temperatures of the multiple exhaust ports may be repeat 
ably, predictably, and independently made to be different, just 
as different pressures and temperatures of the multiple intake 
ports may be repeatably and predictably accommodated with 
out the losses incurred as in REC device 400, and all inde 
pendent of the working fluid mass flow rate of each port, 
rotation direction R, and rotary component(s) rotation rate. 

Because Work is equal to the torque multiplied by the 
angular rotation: dW-T*d 0; dividing both sides of the equa 
tion by time results in Power equal to the torque multiplied by 
rotation rate: dW/dt=PT* (). From thermodynamics, 
W=(pV-pV)/(1-n), and therefore (pV-pV)/(1-n)* 
(d/dt)=P=to. 
The rate of change in volume of the fluid volumes per 

rotary component(s) rotation may be increased by changing 
only the working fluid mass flow rate for, making the Torque 
a function of the difference in pressure across the intake 
port(s) 202, 302, 444, 446, 544, and 546, for example, and 
exhaust port(s) 206,306,452,454,552, and 554, for example, 
and the working fluid mass flow rate. Because all port pres 
Sure(s) may be changed independently as described previ 
ously, a change to any one or more port pressure will result in 
a change to the pressure differential between the intake 
port(s) and exhaust port(s). Therefore, one or more port sizes 
and circumferential extents may be changed to repeatably and 
predictably change either the pressure differential, the work 
ing fluid mass flow rate, or both, to change the torque, inde 
pendent of rotation direction R and the rotary component(s) 
rotation rate. 
Power is a function of the difference in pressure across the 

intake port(s) 202,302, 444, 446, 544, and 546, for example, 
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and exhaust port(s) 206, 306, 452, 454, 552, and 554, for 
example, the working fluid mass flow rate, and the rotary 
component(s) rotation rate. Because of this, the port sizes and 
circumferential extents may be changed to repeatably and 
predictably change the pressure differential, the working fluid 
mass flow rate, rotary component(s) rotation rate, or any 
combination thereof, to change the power independent of 
rotation direction R. 

Whereas a compressor or expander as described in the 
previous examples is understood to transfer torque and power 
from a rotating body to a compressible fluid, a motor as it is 
described in this document is understood to do the reverse: 
transfer torque and power from a compressible fluid to a 
rotating body. REC devices may be used as both a compres 
sor/expander and a motor with a reversal of the flow and 
rotation direction. However, since the rotation direction may 
be made independent for REC devices, they may be used as a 
motor without the required reversal of direction. 

Unlike with conventional pneumatic compressors and 
motors, REC devices need not be designed with a certain 
pressure, rotation rate R, rotary component(s) rotation direc 
tion, or working fluid mass flow rate to operate at high effi 
ciency, and can change all four independently of each other as 
described previously. An efficient variable speed transmis 
sion may therefore be constructed with one or more REC 
devices. Take, as an example, a transmission 600 on an all 
wheel drive car, schematically illustrated in FIG. 6. An engine 
602 will typically performat optimum efficiency for a certain 
power vs. rotation rate curve. An REC device acting as a 
compressor 604 is tied rotationally Rto the output engine 602 
and can compensate for the variable power and rotation rate to 
provide a working fluid Fata desired pressure to another REC 
acting as a motor 606 at each wheel 608 of the car. This 
pressurized working fluid F may come from a single common 
exhaust port (not labeled) as shown in FIG. 6 or may come 
from multiple exhaust ports, and the compressor exhaust port 
pressure(s) may vary over time, depending on the designer's 
desires. Each motor 606 then independently uses as much 
compressed working fluid F as required to provide as much 
power as is desired at each wheel 608. Each wheel 608 may be 
rotationally connected R to each motor directly or by fixed or 
variable transmission 610, which if it is variable, may be 
controlled separately for each wheel 608. Because the com 
pressor 604 and motors 606 can effectively stop pumping 
without affecting the rotation rate of the engine, and can be 
independently controlled to match a different wheel transmis 
sion 610 rotation rate before it is engaged, a clutch system is 
not required. 
As more power is required by a wheel 608, the wheels 

motor 606 increases its working fluid mass flow rate. This 
may be fully or partially compensated by the compressor 604, 
placing increased power demands on the engine 602. If the 
working fluid mass flow through the compressor 604 does not 
match the combined fluid flow through all the motors 606, the 
compressed working fluid pressure will change, which both 
the compressor 604 and motors 606 can compensate for with 
out a loss in efficiency. If a first one or more reservoirs 613 are 
also connected to the output(s) of the compressor 604, it will 
slow this change in pressure, effectively providing a battery or 
booster for when the engine 602 is unable to keep up with the 
power demands of the wheel motors 606. 

If the motorist brakes, the REC devices acting as motors 
606 may switch function to act as compressors, reversing the 
working fluid mass flow rate while maintaining their direction 
of rotation, thereby increasing the pressure and mass of fluid 
within the high pressure reservoir(s) 613 while reducing the 
Velocity of the car, and thereby acting as a regenerative brak 
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ing system and removing the need for a friction based braking 
system. Generally this would imply that the compressor 604 
attached to the engine 602 would maintain the reservoir 613 at 
a pressure lower than its rated pressure so that the regenerat 
ing brakes could increase the fluid pressure in the reservoir 
613 without exceeding its capability or requiring a pressure 
relief valve (not shown), though such a valve would be desir 
able for extreme circumstances. However, the reservoir pres 
sure could be maintained by the compressor 604 per a formula 
based on the maximum pressure minus the pressure expected 
to be gained by bringing the vehicle to a stop, given the 
current vehicle speed and weight. Several additional variables 
could be added to this formula depending on desired effi 
ciency, performance, the reservoir's capacity, hilliness, etc. 
The alternator 614 might be rotationally connected directly 

to the engine 602, but any fans, air conditioning compressors, 
windshield wipers, and/or other powered devices 616 that 
previously used an electric motor could instead use an REC 
device configured as a motor 617, all driven off the same or a 
different compressor 604 and reservoir 613. Finally, if a valve 
618 is used to retain pressure in the high pressure reservoir(s) 
613, the engine's REC device 604 could instead be used as a 
motor 604 to start the engine 602, removing the need for a 
Starter motor. 

Using a closed fluid loop F system with a dry working fluid 
like dry Nitrogen and a low pressure working fluid reservoir 
619 would increase efficiency, as would thermally insulating 
both the high and low pressure sides of said closed loop F. 
A similar system could be used on a train, with quick 

connect hoses linking all the train cars and motors 606 on 
each pair of wheels or on each dolly on each car, and with 
multiple compressors 604 attached to multiple engines 602 
on multiple engine cars. Because the cars would not be push 
ing or pulling each other, the train could be built lighter, and 
could turn through much tighter track bends because the cars 
wouldn't be pushed or pulled off the tracks. 
A similar system could be used as a power distribution 

system, with the fluid connections connecting many REC 
devices acting as compressors and/or motors, with physical 
locations of said REC devices next to each other, or up to 
thousands of miles apart. 

In its simplest description, a turbine engine is a compressor 
and a motor with a linked rotation rate and with a combustion 
chamber between the exhaust of the compressor and the 
intake of the motor. The compressor is driven rotationally by 
the motor, with the combustion chamber increasing the tem 
perature of the working fluid from when it exits the compres 
Sor to when it enters the pneumatic motor, thereby providing 
a larger Volume of working fluid at the same pressure for the 
motor than was provided by the compressor; and thereby 
providing more power generated by the motor than is required 
by the compressor. As shown in FIG. 7, the same model may 
be used to make an engine 700 using REC device(s) used as 
compressor(s) 704 and motor(s) 705, and the following modi 
fications could produce associated benefits. 

For example, because the fluid flow rate of both the com 
pressor 704 and motor 705 can be controlled without the 
losses induced by the use of a flow restrictor or similar, the 
power provided by the engine can be controlled without a 
corresponding loss in efficiency. 

Instead of having a separate transmission compressor 
attached to the engine 700, a separate exhaust port from the 
engine's compressor 704 could be used to Supply pressurized 
working fluid to any motor(s) 706 for other powered devices 
708 not necessarily rotating at the same rate as the engine 700 
(like the wheels of the car as described previously). An even 
more efficient option might be to have these motor(s) 706 
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powered directly by the exhaust of the combustion cham 
ber(s) 709, 711 and/or mixing chamber 712. 

Air from a high pressure reservoir 713 controlled by a valve 
718 could be fed directly to the motor 705 to start the engine 
700, removing the need for an electrical starter motor and 
significantly reducing the maximum power draw on any elec 
trical battery. Alternately, the combustion chamber(s) 709, 
711 could be equipped with an igniter, so that the engine 
could be started directly by combustion from a dead stop and 
not require any initial rotation. 

Because both the compressor 704 and motor 705 can be 
designed and used to be able to adjust to their own intake and 
exhaust pressures, there is no loss from over-pressurized fluid 
entering the combustion chamber(s) 709 and 711, nor a simi 
lar loss from over-pressurized fluid exiting the exhaust of the 
motor 705, which provides the ability to retain optimum 
efficiency while delivering a variable power output and 
removes the need for an exhaust sound muffler. 

Because the pressure of the combustion chamber(s) 709 
and 711 can be controlled by the engine, its temperature can 
also be controlled, allowing for diesel-engine-like combus 
tion and removing the need for spark plugs, Solenoids, and 
their associated controls. 
As with a multi-cylinder engine, multiple compressors 704 

and motors 705 could be attached to the same or multiple 
combustion chamber(s) 709 and 711. This would allow for 
efficiencies of quantity as well as Scale, as well as allowing the 
same base REC device to be used in different quantities for 
different applications with different power requirements. 
This could also allow for the redundancy benefits of having 
multiple engines 700, rotationally connected and/or discon 
nected, and could allow for higher efficiencies over a broader 
power range by starting and stopping engines 700 as required. 

Because the compressor 704 can have multiple exhaust 
ports (not labeled) with the same (or differing) pressures and 
individually controlled working fluid mass flow rates, one 
port could lead to a first combustion chamber 709 which 
could control how much fuel was burned from a fuel reservoir 
720, and a second port to a second combustion chamber 711 
could complete the combustion process and possibly control 
emissions instead of using a catalytic converter on the exhaust 
of the engine 700. By moving the entire combustion process 
to between the compressor 704 and the motor 705, the 
engine's efficiency would increase. Furthermore, because the 
working fluid mass flow rate into the first combustion cham 
ber 709 is able to control how much fuel is combusted and 
moved to the second combustion chamber 711, the fuel would 
not need to be controlled by fuel introduction rate, and so 
large pieces of solid fuel could be used in place of liquid fuel, 
yet full control of the combustion rate could be maintained 
without requiring a less-efficient method of restricting its 
exposure to combustion. 
A tertiary exhaust port (not labeled) from the compressor 

704 could be connected to a mixing chamber 712 used to cool 
the fully combusted fluid to a temperature that the compo 
nents of motor 705 could easily withstand, thereby retaining 
all the energy of combustion prior to the motor 705 and 
removing the need for a cooling system for the engine com 
ponents. As another non-exclusive option, water W or some 
other liquid could be introduced into the mixing chamber 712. 
The water W could heat to a gas and provide the same cooling 
effect without requiring the compression of as much addi 
tional working fluid. If a cooling condenser 722 were 
employed just after the motor 705 to reclaim near boiling 
water from the working fluid, a water pump 724 could be used 
to reintroduce it into the mixing chamber so that little or no 
additional water W would need to be stored or added by the 
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user and the water W introduced to the mixing chamber 712 
would be preheated for an increase in efficiency. 

In addition, one or both of the (first and second) combus 
tion chamber(s) 709 and 711 may be replaced with one or 
more heat exchangers (not shown), which could enable fur 
ther efficiency gains, such as by using the hot exhaust of an 
engine to provide the heat to power a secondary engine, or 
cooling the hot exhaust within a bounded Volume and using 
its change in pressure to increase the power of the engine. 
Attaching a heat exchanger (not shown) to the exhaust of a 
combustion engine, and thereby combining it with the afore 
mentioned cooling condenser 722, would allow the use of the 
remaining heat in that exhaust to power a second engine 700, 
thereby increasing the efficiency of the two engines. If a 
second heat exchanger were combined with the cooling con 
denser 722 and used on the non-combustion engine to cool its 
exhaust so that it could be fed back into its compressor, that 
engine could use a closed working fluid loop, allowing more 
efficient working fluids to be used in its thermo-cycle. Mul 
tiple stages of these secondary engines (not shown) could be 
used in series to further increase the efficiency of the com 
bined engines. 

Further efficiency could be obtained in both the combus 
tion and non-combustion engines by bounding the cooling 
fluid, and thus gaining power from its recompression. If the 
cooling condenser/heat exchanger 722 for the exhaust were 
its own (negative) pressure chamber, and if the working fluid 
mass flow rate in from the motor(s) were equal to the working 
fluid mass flow rate out by a REC acting as a (re)compressor 
726, then said chamber 722 could be set to a negative pressure 
and power could be gained. This is because the working fluid 
volumeflow rate out of said pressure chamber would be lower 
than the working fluid volume flow rate in, and thus it would 
take less energy to recompress the fluid to ambient pressure 
728 than the energy gained by the motor 705 exhausting to a 
pressure that is less than ambient 728. If, instead, the heat 
exchanger were incorporated into a compressor (not shown), 
then the pressure of the fluid could be reduced within the 
compressor, which would induce the compressor to turn as 
the product of the pressure and volume of the fluid shrank. 

Current methods of efficient refrigeration use a compressor 
to compress a compressible fluid and then allow the fluid to 
coolina heat exchanger to the extent that the fluid precipitates 
to an incompressible liquid state before being expelled 
through a valve into another heat exchanger where the fluid is 
allowed to evaporate and warm. While this has many advan 
tages over older technologies, it relies on the availability of a 
stable, noncorrosive, nontoxic, fluid with a liquid to gas VS. 
pressure/temperature transition curve which fits within the 
operating pressure capabilities and temperatures of the 
desired environments. It can be inferred that, where such a 
fluid is not yet available or is not cost effective, having a 
system that does not rely on the precipitation of the fluid 
would be beneficial and efficient if the energy released by the 
reduction in pressure of the compressed fluid were recover 
able. Other specific applications might also benefit from such 
a setup. Such as a refrigeration cycle with widely varying 
input and/or output targets for which a single precipitation 
curve would not be ideal in most cases, or such as an appli 
cation where any of the temperature and/or heat transfer rate 
and or power consumption variables must be held tightly. 

Such a refrigeration system 800 can be accomplished as 
shown in FIG. 8. In this case, a first heat exchanger 801 
connects the exhaust of an REC device used as a compressor 
804 and the intake of another REC device used as a motor 805 
on the high pressure hot working fluid side, and second heat 
exchanger connects the exhaust of the motor 805 and the 
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intake of the compressor 804 on the low pressure cold work 
ing fluid side. The rotary component(s) of the compressor and 
the motor are rotationally linked R and further driven by an 
external power source 830. In the steady state, the compressor 
804 takes in a larger volume of working fluid than the motor 
805 exhausts. As discussed previously, the compressor 804 
can adjust to the working fluid mass flow rate and pressure 
differential (and thus temperature differential) requirements 
of both the system and the operator to satisfy any power and 
thermal requirements. The motor 805 can then adjust to the 
shared input and output pressures of the system to ensure that 
the differential temperature is maintained while regaining the 
power from the expansion of the working fluid due to said 
pressure differential. 
A heat pump as is used in heating, ventilation, air-condi 

tioning (HVAC) systems uses a refrigeration cycle to transfer 
heat from one fluid to another through the use of one or more 
pumps driven by an auxiliary power source and the compres 
sion and expansion of a fluid. In some applications of heat 
pumps, a furnace burns fuel(s) to obtain heat, and then trans 
fers some of that heat to another fluid, while expelling the rest 
to the atmosphere with its exhaust. The colder the ambient 
temperature with relation to the temperature of the controlled 
environment, the less heat efficient the process. 
As shown in FIG.9, a heat engine 900 may be made from 

an REC device used as a compressor 704 and motor 705 used 
as an engine as in FIG. 7, with one or more combustion 
chambers 909 and 911, working fluid reservoir(s) 913 and 
associated control valve 918, and fuel reservoir(s) 920 but 
with the addition of a heat exchanger921 between the com 
bustion chamber(s) and the motor 905. In this case, the objec 
tive is to take in air F1 from the ambient, increase its tem 
perature beyond that which is desired in the controlled 
environment 932 solely by compressing it, then addenergy in 
the form of heat by use of the combustion chamber(s)909 and 
911 as in engine 700, then transfer the heat gained from said 
combustion to another working fluid F2, before then regain 
ing the energy lost from compressing the ambient air F1 by 
expanding it in a motor 905 and releasing it back to ambient 
928. Losses would occur in the compressor 904 and motor 
905, which might necessitate that the air returned to the 
ambient 928 atmosphere be at a higher temperature than it 
was when it started the process. This might be overcome, and 
the expelled air F1 might even be returned at a lower tem 
perature, if the system is driven by an additional method. One 
Such method might involve Supplementing the system with an 
electric motor (not shown). While this electric motor might be 
driven by an external power source, the transfer of the heat 
from the compressed and combusted air F1 to the controlled 
environment may also be used to Supplement the heating 
engine. 
One option might be to deliver the heat from the heat 

exchanger 921 to the compressed working fluid of a second 
engine 934, made up of third and fourth REC devices, one of 
which is used as a compressor 936 which draws its working 
fluid from the controlled environment and the other of which 
is used as a motor 938 which returns its working fluid to the 
controlled environment. Rotationally linking the rotary com 
ponent(s) of the first and second engines would complete the 
power transfer, and the second engine 934 would add power 
to the system if the temperature of the compressed controlled 
environment working fluid F2 were low enough and could be 
increased enough from the heat exchanger so that it not only 
overcame the additional losses from the second engine 934 
but was able to contribute rotational energy to the first (not 
labeled). This second engine 934 could also have a closed 
fluid loop with another heat exchanger 940, and might even 
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provide enough additional power to drive a blower fan or 
other equipment 942 to push air from the controlled environ 
ment 932 across its heat exchanger934. 

Another option would be to incorporate a thermocouple 
array (not shown) into the heat exchanger921 through which 
any heat must travel to get from one fluid to the other, thereby 
gaining electric potential and current while reducing the 
weight efficiency of the heat exchanger. This electric poten 
tial and current could then be used for any purpose, another of 
which could be driving the controls of the engines of the 
system. These two options could also be combined. 
The above options would function as a heating system with 

an energy efficiency of >100% of the potential energy of the 
fuel used to power the system, and which may function well 
for a wide range of both ambient and controlled temperatures. 

It has previously been assumed that the pressure of the 
exhaust of all exhaust ports are made to be equal to the 
ambient pressure at those ports. This eliminates energy losses 
due to the Sudden and unharnessed expansion at an exhaust 
port if two compressible fluids with different pressures are 
allowed to mix. The benefits of energy efficiency may be 
outweighed by the benefits of volume and/or weight effi 
ciency in different applications, and these benefits may vary 
from application to application, as well as over time within 
the same application. 

Systems such as those described previously may be con 
figured so that, within a certain power range, the pressure of 
the exhaust and the ambient pressure at the exhaust port are 
the same, and at a power level greater than that range, these 
pressures are different. Thus, the system would be very 
energy efficient at a lower power range, but would exchange 
some of its energy efficiency for volume and/or weight effi 
ciency at higher power ranges. Instead, the system might not 
have a high energy efficiency range at all, and always sacrifice 
its energy efficiency for Volume and/or weight efficiency. 

For those cases where it is desirable to the user for the 
system to remain at or above a certain energy efficiency range, 
a first option might be for a power limit on the system may be 
set by the user which may be turned on or off, and/or changed 
by the user, and which may or may not be the same as the 
power level at the high end of the most energy efficient power 
range. In this way, a system may be, Voluntarily or otherwise, 
limited to its most or more energy efficient power range. 
As an alternative second option, the limit may be set, with 

a switch or other method of releasing the system from this 
limit in case of an emergency or other event, defined by either 
the user or some other system. In this way, a system may be, 
voluntarily or otherwise, allowed to exceed its normally 
highly energy efficient power range at the cost of its energy 
efficiency. 

Both the previous options may be used in the same system 
for different ranges of power and energy efficiency. If, for 
example, the system will be progressively damaged above a 
certain power rating, the first option might be used for a lower 
energy efficiency power range below where the system would 
be damaged, and the second option might be used for a power 
range above. 

In all three cases above, it may be found that a switch is not 
desirable to turn on or off the limit. User feedback, such as a 
noticeable increase in resistance to the user's pressure on a 
throttle as each range limit is crossed, may be used instead of 
a Switch, allowing for a more intuitive and less restricting 
interface. 
Though the examples described in the previous text and 

figures focus on helical slides with a potential multitude of 
slides, wedges, and adjustable ports, the following focuses on 
obtaining the highest efficiency in a manufacturable design 
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which includes only 2 equivalent adjustable ports and could 
function as a combination of components 704, 705, and 726 in 
FIG. 7. 

In obtaining the highest energy efficiency, it is desirable to 
reduce or eliminate any and all reciprocating motion in the 
device. Along the same lines of thought, it is also desirable for 
all rotating bodies to be balanced so that the axis of rotation of 
each body also passes through its center of mass. The gerotor 
eliminates all Such reciprocating motions and, so long as both 
the internal and external gears are in rotation while their 
centers of rotation are held fixed, their axes of rotation also 
inherently pass through their center of mass. Furthermore, it 
is possible to create gear sets so that if one of the gears is 
rotating at a constant rate of rotation, the other is also rotating 
at a constant rate of rotation, which also eliminates losses in 
efficiency due to forced changes in angular velocity in the 
steady state. 

In obtaining the highest energy efficiency, it is desirable to 
completely expel all the compressible fluid before again tak 
ing in more fluid. This means that, in the course of rotation, all 
fluid volumes must begin and end with Zero volume. Because 
it is undesirable for the slides to move with or in response to 
the efficient rotation of the device in order to maintain correct 
access between the port and its associated Volumes in the 
steady state, it is desirable to fix this Zero volume location 
with relation to the fixed coordinate reference. In examining 
the typical N:N+1 gear set, it is seen that the geometry which 
has been found to be efficient in transferring torque from the 
one gear to the other is not at all energy efficient in this 
described manner. It does, however, Suggest that the best 
place to fix this zero volume location is where the gear teeth 
are most fully enmeshed. On further examination of said 
N:N+1 gear set, it is seen that the primary reason that the fluid 
Volumes between the teeth of the gears do not approach Zero 
is because the tips of the teeth (of either gear) are never 
instantaneously stationary with respect to its mate at this fully 
enmeshed location, but instead are allowed to Swing through 
an open space left for it so that the gears do not bind. To 
remove this open space and thus move to a Zero Volume at this 
location, the swing must be removed. Thus, we start with the 
tip of the teeth of either the rotor or the stator (or both) being 
instantaneously stationary with respect to its mating pocket at 
its fully enmeshed location. 

Mathematically, this means that the vector of travel of the 
tip of a tooth in the fully enmeshed location as described 
above must instantaneously match its mating part in its mat 
ing gear at the location of Zero Volume. Further, if a rotating 
coordinate reference is established with its location at the 
center of rotation of the tooth’s mating gear and which rotates 
at the same rate as that mating gear, then because the tooth is 
not allowed to Swing through this fully enmeshed condition, 
it must approach and leave this location instantaneously 
before and after the location of Zero volume along vectors 
parallel to the line drawn between the rotational axes of the 
gears when plotted on the rotational coordinate system. This 
line is also parallel to a line drawn between the said tip of the 
tooth and the rotational axis of either gear on the rotational 
coordinate system. In this way, the tip of each tooth instanta 
neously appears to reciprocate as a piston when viewed from 
the rotational coordinate reference, even though there is no 
reciprocating motion when viewed from the fixed coordinate 
reference. 

In examining the typical N:N+1 gear set, it is seen that, 
from time to time, discrete Volumes merge and separate from 
each other due to the way the gear teeth fail to maintain 
contact at all times with their mating gear. This is not desir 
able because volumes which have different pressures may 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

22 
merge and equalize their pressure, thereby reducing effi 
ciency as discussed previously. Because the tips of the teeth of 
one or both gears will be defining the extents of the mating 
gear, it is desirable for each tooth that defines the boundary 
between one Volume and the next to maintain contact with its 
mating gear at all times so that the two Volumes bounded by 
that tooth do not merge. 

Based on the above, it has been determined that either the 
internal or the external gear teeth may be made to satisfy all 
the conditions of a highly efficient device, but not both. Two 
generic solutions have been found to express the form that the 
teeth would take, one with the internal gear tooth tips acting to 
define the external gear as described above, and one with the 
external gear tooth tips acting to define the internal gear as 
described above. The first solution, represented by equations 
Equation 1-7, below, is described in the most detail because it 
is the more robust and volume efficient option. 

NoET=NOIT-1 Eq. (1) 

with: 
NoET is defined as the number of teeth on the external 

gear, and 
NoIT is defined as the number of teeth on the internal gear. 

Equation 1 mathematically expresses the N:N+1 condition 
stated above. Thus, for every rotation of the external gear, the 
internal gear will rotate (n+1)/n times. Stated another way, 
every time the internal gear makes a complete rotation, it will 
advance its position with relation to the external gearby one 
tooth, and this advance will be 1/(n+1)" of a full rotation of 
the external gear and (1/n)" of a full rotation of the internal 
gear. 

Referring to FIGS. 10-13 for geometric reference, for the 
case where the internal gear tooth tips are used to describe the 
external gear, the following Equations 2-4 are useful: 

8 = A TH. sin(-d +A) Eq. (2) 
- actant + TH. cos(- d - a) 

r = WE TH. cost-oh A) + THF. sin- + Ar Eq. (3) 

A=NoIT-8 Eq. (4) 

wherein: 
TH (1002 and 1202) is defined as the tooth height, which is 

the distance between the gear's axis of rotation and the 
tip of the tooth 1003 and 1203: 

E (1004 and 1204) is defined as Eccentricity, which is the 
distance between the internal gear's axis of rotation 
1005 and 1205 and the external gear's axis of rotation 
1006 and 1206; 

A (1007 and 1207) is defined as the angle the external gear 
has rotated; 

r (1008 and 1208) is defined as the distance from the center 
of the external gear to the tip of one of the internal gear's 
teeth, thus defining the internal wall of the external gear; 

8 (1010 and 1210) is defined as the angle that the internal 
gear has rotated with relation to the external gear; and 

0 (1012 and 1212) is defined as the angle of r from with 
relation to the external gear. 

Through experimentation, it has been found that when 

TH=ENCIT Eq. (5) 

is enforced, the piston motion as described above is obtained. 
Substituting Equations 4 and 5 into Equations 2 and 3 yields 
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8 NoT. NoIT. sin(o) + NoiT. d) Eq. (6) 
- WO. -- act NE) 

and 

Eq. (7) 

E. wo + NoiT. cos(t) + NoiT : 6))2 + (No IT. sin(6+ NoiT. 6))? 

and FIG. 10 shows the resulting single trough arc 1014 for a 
NoIT of four. Because E 1004 and 1204 and NoIT are both 
constant values of the gear shape, only 8 1010 and 1210 
remains as a variable on the right side of either equation, 
allowing the parametric plot of each equation for each com 
bination of E 1004 and 1204 and NoIT. (As is understood by 
a person having ordinary skill in the art, when solving for 0. 
It must be cumulatively added to the result of the arctan 
expression whenever it crosses a discontinuity oran incorrect 
and disjointed plot will result.) Alternatively, 61010 and 1210 
may be solved in terms of 0 1012 and 1212, and then plugged 
into Equation 3 or 7 to obtaina correct plot. Both equation sets 
may also be converted into the Cartesian Coordinate System 
if desired. 
As stated above, it is desirable that all volumes bounded by 

the gear teeth begin and end with Zero volume. Thus, the teeth 
of the external gear are used to define the teeth of the internal 
gear. However, because the teeth of the external gear will be 
sweeping through the trough between the teeth of the internal 
gears, the entire geometry of the external gear is relevant. 
Because the external toothis Sweeping through the trough and 
because it is desirable to maintain contact between the trough 
and the tooth for the entire sweep, the contact point between 
the tooth and trough is at the point on the tooth where the 
direction of sweep is tangent to the surface of the tooth. 
However, Solving for this yields the same shape as solving 
Equations 6 and 7 with the same but for one less internal 
tooth. Solving for an E 1004 and 1204 of one and an NoIT of 
three and two yields an external and internal gear set. 

While desirable from an efficiency standpoint based on the 
above, the points at the tips of the teeth of the gears are 
mechanically weak, will wear easily, are difficult to manufac 
ture, and will not generate as tight a seal as may be desirable. 
However, the gears may be modified by offsetting the face of 
each gearby a fixed amount. Because the tip of each tooth is 
a point, a constant offset at the tip becomes a semicircle, 
yielding and internal gear with three teeth 1102 and an exter 
nal gear with four teeth 1104 as shown in FIG. 11. However, 
the curvature in the faces of the gears limits the amount of 
offset that may be applied without having the new theoretical 
face self intersect and fail. This curvature is tightest at the tips 
of the teeth, which is where the seal between the teeth is made 
at the Zero or near Zero volume condition, and thus where the 
pressure differential will be greatest, so it is undesirable to 
cheat and push the offset too far into what will theoretically 
self intersect. However, not only do the teeth become 
mechanically stronger as the offset increases, but the Volume 
efficiency of the gear set increases marginally at the same 
time. Because of this and other constraints, it is desirable to 
have the largest offset possible. Also, as the number of teeth 
per gear increases, the faces of the teeth must curve further, 
thereby decreasing the amount of offset before the theoretical 
faces self intersect. Eccentricity has no effect on volume 
efficiency, but as the number of teeth per gear increases, the 
volume efficiency decreases. Thus, it is desirable based on 
both the mechanical strength of the gears and from a volume 
efficiency standpoint that the NoIT be as low as possible. 
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At certain points in the gears' rotation, a tooth will reach a 

condition with its mating tooth where their tips are touching, 
and therefore in which their contact does not apply a rota 
tional vector of force against each other, and just to either side 
of this condition, the rotational vector of force that may be 
applied is 1/oo in one direction of rotation, and Zero in the 
other. If there are an even number ofteeth on the internal gear, 
then the tooth on the opposite side of the internal gear will be 
at the bottom of its mating trough, and thus be in contact with 
two teeth and able to apply a rotational vector of force in 
either direction. Any teeth that are not in one of the two 
conditions above will have only a single point of contact with 
its mating tooth?trough, and thus can apply a vector of force in 
one direction of rotation or the other, but not both. Thus, if 
there are only two teeth on the internal gear in this case, there 
would arise a condition in which one tooth had just passed the 
condition where it could apply a force in both rotational 
directions, and thus could only apply a force in one rotational 
direction, and in which the other tooth could apply only 1/o 
or effectively no force in the other. Thus, any force opposing 
the rotation of the internal gear would overcome the effec 
tively Zero force and cause the system to bind unless some 
outside mechanism were used to keep the internal and exter 
nal gears aligned as they turned. Having 3 or more teeth on the 
internal gear in this case eliminates this issue. 

For the case where the external gear tooth tips are used to 
describe the internal gear, the following Equations 8-10 may 
be generated: 

E. sin(-d+A) Eq. (8) 
8 = - arctan(IEA) TH+ E. cos(-0 + A) 

r = WTH + E. cost- A) + E. sin- +A) Eq. (9) 
and 

A = (No IT + 1). Eq. (10) 

Through experimentation, it has been found that when 

TH=E (NoIT+1) Eq. (11) 

is enforced, the piston motion as described above is obtained. 
Substituting Equations 10 and 11 into Equations 8 and 9 
yields 

sin(NoIT. 6) ) Eq. (12) 
8 = + arctant + NoiT +cos(No IT. d) 
and 

* = E. wa + NoiT + cos(No IT : 6)) + sin(o) + NoiT. 6)? Eq. (13) 

and FIG. 12 shows the resulting single tooth arc 1216 for an 
NoIT of three. As before, because E 1004 and 1204 and NoIT 
are both constant values of the gear shape, only 8 1010 and 
1210 remains as a variable on the right side of either equation, 
allowing the parametric plot of each equation for each com 
bination of E 1004 and 1204 and NoIT. As before, & 1010 and 
1210 may be solved in terms of 0 1012 and 1212, and then 
plugged into Equation 9 or 13 to obtain a correct plot. As 
before, both equation sets may also be converted into the 
Cartesian Coordinate System if desired. 

Thus, solving Equations 12 and 13 for an E 1004 and 1204 
of one and an NoIT of three and two yields an external and 
internal gear set, and offsetting the faces results in an internal 
gear with two teeth 1302 and an external gear with three teeth 
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1304 as shown in FIG. 13. Note that, since the outer gear is 
making contact at its tips, it is the one that needs three or more 
teeth, allowing the inner gear to have only two. Unlike with 
the previous 3:4 gear set above with fluid volumes which may 
always be accessed on the external gear at the bottom of each 
trough between the external gear's teeth, the 2:3 gear set and 
all sets made with its equations do not have the same constant 
access at the bottom of each trough between the internal 
gear's teeth. 

FIG. 14B is an isometric view of FIG. 14A. FIG. 14A-14B 
shows REC device 1400 which includes the 4:3 gear set of 
FIG. 11, where gear 1402 is functionally identical to 1102 and 
1404 is functionally identical to 1104 with its extents not 
shown, and both are understood to have their centers of rota 
tion fixed by mechanisms not shown, though they may rotate 
freely, gear 1402 within gear 1404. These two gears 1402 and 
1404 are understood to extend to the same depth into the page 
and are parallel in that direction, and their end faces are 
understood to be coincident. Further, a region which is homo 
geneously hatched is understood to represent a cap Zone 1406 
flush to the ends of both gears which bounds the fluid volumes 
between the teeth of the gears 1402 and 1404, leaving only the 
bottom tips of the troughs of the outer gear 1404 unbounded. 
It is understood that at one end of this assembly 1400, there is 
a first slide Zone 1408 which flush with that end of both gears 
which also bounds the fluid volumes at that end and over its 
circumferential extents but allows access to said fluid vol 
umes outside its circumferential extents at that end (this 
access designated as access 1), which is also flush with cap 
Zone 1406, and which has a fixed circumferential size but 
which extents may be moved freely around the circumference 
of cap Zone 1406. It is understood that at the other end of this 
assembly 1400, there is a second slide Zone 1410 which is 
flush with that end of both gears which also bounds the fluid 
Volumes at that end and over its circumferential extents but 
allows access to said fluid volumes outside its circumferential 
extents at that end, which is also flush with cap Zone 1406, and 
which has a fixed circumferential size but which extents may 
be moved freely around the circumference of cap Zone 1406 
except that its extents may not overlap a wedge Zone 1412. It 
is understood that there is a wedge Zone 1412 which is flush 
with and bounds the fluid volumes on the same end as slide 
Zone 1410, which is flush with cap Zone 1406, which has 
circumferential extents and a size fixed relative to the rota 
tional axes of the two gears so that it overlaps all of but no 
more than the trough of the external gear when that trough is 
filled by one of the tips leaving a zero or substantially zero 
fluid volume. It is understood that, at the end of the gears 
shared by slide Zone 1410 and wedge Zone 1412, there will be 
at least one and as many as two circumferential extents of 
access to the fluid Volumes, designated access 2 and access 3 
(not labeled). It is further understood that, when viewed from 
one or the other end of the gears as shown in FIG. 14A, access 
1 will overlap either or both access 2 and access 3. 
REC device 1400 may function as REC device 200 as 

described below. When slide Zone 1408 fully overlaps wedge 
Zone 1412, there will be no access to the fluid volumes over 
the circumferential extents of wedge Zone 1412, which Zone 
functions as wedge 220 of REC device 200 of FIGS. 2A-2C. 
When slide Zone 1408 and slide Zone 1410 partially or fully 
overlap, the circumferential extents of this overlap act as a 
denied access Zone 1414 to the fluid Zones which is controlled 
by the circumferential extents of slide Zones 1408 and 1410 in 
a manner similar to slides 212 and 216 of REC device 200 of 
FIGS. 2A-2C. Where no two of Zones 1408, 1410, and 1412 
overlap, access is made to the fluid volumes in a manner 
similar to ports 202 and 206. Assuming the rotary compo 
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nent(s) rotation direction R, intake port 1416 in FIG. 14A 
would act in a similar manner as intake port 202 of REC 
device 200, and exhaust port 1418 would act in a similar 
manner as exhaust port 206 of REC 200. In this way, an REC 
device may be constructed that eliminates all reciprocating 
motion of its rotary component(s). In addition, if additional 
wedge Zones of similar circumferential extents to wedge Zone 
1412 but with the ability to be move circumferentially so long 
as they do not overlap any other Zone at that end of the gears 
are added to access 2 and/or access 3, they may act as wedges 
442 and 448 of FIG. 4. 

Because the slides 1408 and 1410 and wedge 1412 are 
placed on the ends of the gears 1402 and 1404, two sets of 
rotary components may be rotationally tied to the other and 
placed end to end so that they may share a slide and may share 
a wedge, possibly reducing the number of parts required. If 
these two or more sets of rotary components were angularly 
offset to each other so that they shared the same axes but their 
fluid Volumes gained and lost access to the shared port(s) at 
different times, it would have a similar smoothing effect as 
increasing the NoIT, in that the working fluid mass flow rate 
would be more continuous and constant through Smaller 
ports, but without the corresponding loss in Volume efficiency 
of increasing the NoIT past three. 

FIG. 15B is an isometric view of FIG. 15A. Because REC 
devices similar to REC 200 may be configured with multiple 
expanding arcs and multiple shrinking arcs as shown in FIG. 
15A-15B, a single REC device may act as multiple of com 
pressors and/or motors. REC device 1500 shows an example 
similar to REC 200 but which has the functionality of four of 
REC device 200 using slide Zones 1502 (only some of which 
are labeled) on both ends of the rotary component(s). 

FIG. 16B is an isometric view of FIG. 16A. Because REC 
devices similar to REC device 1400 may be configured with 
valves or other methods of controlling the access of ports to 
their fluid volumes for only some of the gear troughs and with 
other methods to continuously block access to Some other of 
the gear troughs as shown in FIG.16A-16B, and because the 
methods of controlling access may in turn be controlled by 
methods similar to the slides described previously, as shown 
in FIG.16A-16B, a single REC device similar to REC device 
1400 may act as multiple of compressors and/or motors. REC 
device 1600 uses two valves 1602 over two gear troughs on 
one end to allow or deny access to those gear troughs, and 
does the same on the other end with the remaining two gear 
troughs (not shown). This embodiment uses normally open 
valves 1602 with two slides Zones 1604 and one wedge Zone 
1606 to control those valves 1602 on each end to provide the 
capabilities of two of REC devices 200, though normally 
closed valves and/or more sets of slide and wedge Zones 
and/or further differentiation on how the slides interact with 
the valves and/or a gear set with a larger NoIT could all be 
used to further increase the capability of REC device 1600. 

Exemplary embodiments have been disclosed above and 
illustrated in the accompanying drawings. It will be under 
stood by those skilled in the art that various changes, omis 
sions and additions may be made to that which is specifically 
disclosed herein without departing from the spirit and scope 
of the present invention. 

What is claimed is: 
1. A rotary expansible chamber device, comprising: 
a first mechanism comprising a first rotary component, said 

first mechanism partially bounding at least a first Vol 
ume, said first volume moving with or substantially with 
rotation of said first rotary component during operation 
of the rotary expansible chamber device: 
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a second mechanism interfacing with said first mechanism 
to substantially or fully bound said first volume; and 

a first arc of inaccessibility having a circumferential extent, 
said first volume being substantially or fully bound by 
said first and second mechanisms along the entire cir 
cumferential extent; 

wherein: 
said first arc of inaccessibility has a first end and a 

second end; 
said first Volume changes size during operation of the 

rotary expansible chamber device; and 
said rotary expansible chamber device is designed and 

configured to allow for changing location of each of 
said first and second ends of said first arc of inacces 
sibility independently of changing location of the 
other of said first and second ends so as to indepen 
dently control the size of said first volume when said 
first volume is positioned at said first end of said arc of 
inaccessibility and independently control the size of 
said first volume when said first volume is positioned 
at said second end of said arc of inaccessibility. 

2. A rotary expansible chamber device according to claim 
1, wherein said rotary expansible chamber device has a sec 
ond arc of inaccessibility, the rotary expansible chamber 
device further comprising: 

a third mechanism interfacing with at least one of said first 
and second mechanisms to Substantially or fully bound 
said first volume at a first position along said second arc 
of inaccessibility, wherein the size of said first volume is 
Substantially Zero at said first position. 

3. A rotary expansible chamber device according to claim 
2, wherein said rotary expansible chamber device further 
comprises a plurality of arcs of access positioned between 
said first and second arcs of inaccessibility. 

4. A rotary expansible chamber device according to claim 
3, further comprising: 

a plurality of Volumes in intermittent communication with 
said first volume that are partially bounded by said rotary 
expansible chamber device: 

wherein said plurality of Volumes are partially, Substan 
tially, and/or fully separated from each other by said 
rotary expansible chamber device. 

5. An energy recovery system, comprising: 
first and second rotary expansible chamber devices each 

according to claim 4: 
said first rotary expansible chamber device being mechani 

cally coupled to said second rotary expansible chamber 
device; and 

a heat exchanger fluidly coupled to said first and second 
rotary expansible chamber devices; 

wherein said system is designed and configured to recover 
energy from a working fluid by expanding said working 
fluid with said first rotary expansible chamber device, 
cooling said working fluid with said heat exchanger, and 
then compressing said working fluid with said second 
rotary expansible chamber device. 

6. An energy recovery system, comprising: 
first and second rotary expansible chamber devices each 

according to claim 4: 
said first rotary expansible chamber device being mechani 

cally coupled to said second rotary expansible chamber 
device; and 

a combustion chamber fluidly coupled to said first and 
second rotary expansible chamber devices; 

wherein said system is designed and configured to com 
press a working fluid with said first rotary expansible 
chamber device, heat said working fluid with said com 
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bustion chamber, and Substantially or fully expand said 
working fluid with said second rotary expansible cham 
ber device before said fluid leaves said first volume of 
said second rotary expansible chamber device. 

7. A single-phase refrigeration system, comprising: 
first and second rotary expansible chamber devices each 

according to claim 4: 
said first rotary expansible chamber device being mechani 

cally coupled to said second rotary expansible chamber 
device; and 

first and second heat exchangers fluidly coupled to said first 
and second rotary expansible chamber devices; 

wherein said system is configured to function as a closed 
loop refrigeration cycle with a compressible working 
fluid, wherein both of said first and second rotary expan 
sible chamber devices are designed and configured to 
control a mass flow rate of the working fluid indepen 
dently of a rotation rate of said first rotary components, 
or a temperature or pressure differential across said first 
and second rotary expansible chamber devices. 

8. A heating system configured to transfer heat to a con 
trolled environment, the heating system comprising: 

an open cycle engine coupled to a closed cycle engine, said 
open cycle engine comprising first and second rotary 
expansible chamber devices each according to claim 4. 
and said closed cycle engine comprising third and fourth 
rotary expansible chamber devices each according to 
claim 4, wherein said first, second, third, and fourth 
rotary expansible chamber devices are mechanically 
coupled with one another, 

said open cycle engine having a combustion chamber 
coupled to said first and second rotary expansible cham 
ber devices and configured to heat a first working fluid 
that has been compressed by said first rotary expansible 
chamber device, said second rotary expansible chamber 
device configured to expand said first working fluid 
heated by said combustion chamber; 

said closed cycle engine being thermally coupled to said 
open cycle engine by a first heat exchanger configured to 
transfer heat from said first working fluid to a second 
working fluid; and 

said third and fourth rotary expansible chamber devices 
being coupled to said first heat exchanger and a second 
heat exchanger, thereby forming a closed loop, said sec 
ond heat exchanger being thermally coupled to the con 
trolled environment Such that the heating system is con 
figured to transfer heat to the controlled environment. 

9. A rotary expansible chamber device according to claim 
4, wherein said second mechanism includes a plurality of 
slides, said first arc of inaccessibility being an arc over which 
said plurality of slides overlap one another. 

10. A rotary expansible chamber device according to claim 
4, wherein said second mechanism includes a plurality of 
slides, said first arc of inaccessibility being a union of arcs 
defined by said plurality of slides. 

11. A rotary expansible chamber device according to claim 
4, wherein the rotary expansible chamber device is config 
ured to act as a motor transferring energy from a working fluid 
to a mechanical rotational motion, wherein said motor is 
designed and configured to allow for selective and indepen 
dent change of at least one of a generated rate of rotation, a 
generated direction of rotation, and a generated torque, inde 
pendent of at least one of a pressure differential of said work 
ing fluid across said motor, a first pressure of said working 
fluid entering said motor, a second pressure of said working 
fluid exiting said motor, a temperature differential of said 
working fluid across said motor, a first temperature of said 
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working fluid entering said motor, a second temperature of 
said working fluid exiting said motor, a mass fluid flow rate of 
said working fluid through said motor, and a fluid flow direc 
tion of said working fluid through said motor. 

12. A rotary expansible chamber device according to claim 
4, wherein the rotary expansible chamber device is designed 
and configured to allow for selective and independent change 
of at least one of a pressure differential of a working fluid 
across said rotary expansible chamber device, a first pressure 
of said working fluid entering said rotary expansible chamber 
device, a second pressure of said working fluid exiting said 
rotary expansible chamber device, a temperature differential 
of a working fluid across said rotary expansible chamber 
device, a first temperature of said working fluid entering said 
rotary expansible chamber device, a second temperature of 
said working fluid exiting said rotary expansible chamber 
device, a mass fluid flow rate of said working fluid through 
said rotary expansible chamber device, and a fluid flow direc 
tion of said working fluid through said rotary expansible 
chamber device, independent of at least one of an input rate of 
rotation, an input direction of rotation, and an input torque. 

13. A rotary expansible chamber device, comprising: 
a first mechanism including a first rotary component con 

figured to rotate; and 
a second mechanism interfacing with said first mechanism 

to substantially or fully bound a first volume so that said 
first volume moves substantially with said rotation of 
said first rotary component during operation of the 
rotary expansible chamber device; 

wherein: 
said rotary expansible chamber device has at least one 
Volume arc of rotation including at least one of an 
expanding-volume arc over which a size of said first 
Volume increases during operation of the rotary 
expansible chamber device, a constant-volume arc 
over which the size of said first volume remains sub 
stantially the same during operation of the rotary 
expansible chamber device, and a shrinking-volume 
arc over which the size of said first volume decreases 
during operation of the rotary expansible chamber 
device; and 

said rotary expansible chamber device has a first arc of 
rotation over which a working fluid is continuously 
and Substantially constrained within said first volume, 
said first arc of rotation having a first end and a second 
end, said second mechanism being designed and con 
figured to control a location of each of said first and 
second ends of said first arc of rotation independently 
of a location of the other one of the ends to thereby 
independently control the size of said first volume 
when said first volume is positioned at said first end of 
said first arc of rotation and independently control the 
size of said first volume when said first volume is 
positioned at said second end of said first arc of rota 
tion. 

14. A rotary expansible chamber device according to claim 
13, wherein said rotary expansible chamber device has a 
second arc of rotation, the rotary expansible chamber device 
further comprising: 

a third mechanism interfacing with at least one of said first 
and second mechanisms to Substantially or fully bound 
said first volume at a first position along said second arc 
of rotation, wherein the size of said first volume is sub 
stantially Zero at said first position. 

15. A rotary expansible chamber device according to claim 
14, wherein said rotary expansible chamber device further 
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comprises a plurality of arcs of access positioned between 
said first and second arcs of rotation. 

16. A rotary expansible chamber device according to claim 
15, further comprising: 

a plurality of Volumes in intermittent communication with 
said first volume that are partially bounded by said rotary 
expansible chamber device: 

wherein said plurality of Volumes are partially, Substan 
tially, and/or fully separated from each other by said 
rotary expansible chamber device. 

17. An energy recovery system, comprising: 
first and second rotary expansible chamber devices each 

according to claim 16; 
said first rotary expansible chamber device being mechani 

cally coupled to said second rotary expansible chamber 
device; and 

a heat exchanger fluidly coupled to said first and second 
rotary expansible chamber devices; 

wherein said system is designed and configured to recover 
energy from a working fluid by expanding said working 
fluid with said first rotary expansible chamber device, 
cooling said working fluid with said heat exchanger, and 
then compressing said working fluid with said second 
rotary expansible chamber device. 

18. An energy recovery system, comprising: 
first and second rotary expansible chamber devices each 

according to claim 16; 
said first rotary expansible chamber device being mechani 

cally coupled to said second rotary expansible chamber 
device; and 

a combustion chamber fluidly coupled to said first and 
second rotary expansible chamber devices: 

wherein said system is designed and configured to com 
press a working fluid with said first rotary expansible 
chamber device, heat said working fluid with said com 
bustion chamber, and Substantially or fully expand said 
working fluid with said second rotary expansible cham 
ber device before said fluid leaves said first volume of 
said second rotary expansible chamber device. 

19. A single-phase refrigeration system, comprising: 
first and second rotary expansible chamber devices each 

according to claim 16; 
said first rotary expansible chamber device being mechani 

cally coupled to said second rotary expansible chamber 
device; and 

first and second heat exchangers fluidly coupled to said first 
and second rotary expansible chamber devices; 

wherein said system is configured to function as a closed 
loop refrigeration cycle with a compressible working 
fluid, wherein both of said first and second rotary expan 
sible chamber devices are designed and configured to 
control a mass flow rate of the working fluid indepen 
dently of a rotation rate of said first rotary components, 
or a temperature or pressure differential across said first 
and second rotary expansible chamber devices. 

20. A heating system configured to transfer heat to a con 
trolled environment, the heating system comprising: 

an open cycle engine coupled to a closed cycle engine, said 
open cycle engine comprising first and second rotary 
expansible chamber devices each according to claim 16, 
and said closed cycle engine comprising third and fourth 
rotary expansible chamber devices each according to 
claim 16, wherein said first, second, third, and fourth 
rotary expansible chamber devices are mechanically 
coupled with one another, 

said open cycle engine having a combustion chamber 
coupled to said first and second rotary expansible cham 
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ber devices and configured to heat a first working fluid 
that has been compressed by said first rotary expansible 
chamber device, said second rotary expansible chamber 
device configured to expand said first working fluid 
heated by said combustion chamber; 

said closed cycle engine being thermally coupled to said 
open cycle engine by a first heat exchanger configured to 
transfer heat from said first working fluid to a second 
working fluid; and 

said third and fourth rotary expansible chamber devices 
being coupled to said first heat exchanger and a second 
heat exchanger, thereby forming a closed loop, said sec 
ond heat exchanger being thermally coupled to the con 
trolled environment Such that the heating system is con 
figured to transfer heat to the controlled environment. 

21. A rotary expansible chamber device according to claim 
16, wherein said second mechanism includes a plurality of 
slides, said first arc of rotation being an arc over which said 
plurality of slides overlap one another. 

22. A rotary expansible chamber device according to claim 
16, wherein said second mechanism includes a plurality of 
slides, said first arc of rotation being a union of arcs defined by 
said plurality of slides. 

23. A rotary expansible chamber device according to claim 
16, wherein the rotary expansible chamber device is config 
ured to act as a motor transferring energy from a working fluid 
to a mechanical rotational motion, wherein said motor is 
designed and configured to allow for selective and indepen 
dent change of at least one of a generated rate of rotation, a 
generated direction of rotation, and a generated torque, inde 
pendent of at least one of a pressure differential of said work 
ing fluid across said motor, a first pressure of said working 
fluid entering said motor, a second pressure of said working 
fluid exiting said motor, a temperature differential of said 
working fluid across said motor, a first temperature of said 
working fluid entering said motor, a second temperature of 
said working fluid exiting said motor, a mass fluid flow rate of 
said working fluid through said motor, and a fluid flow direc 
tion of said working fluid through said motor. 

24. A rotary expansible chamber device according to claim 
16, wherein the rotary expansible chamber device is designed 
and configured to allow for selective and independent change 
of at least one of a pressure differential of a working fluid 
across said rotary expansible chamber device, a first pressure 
of said working fluid entering said rotary expansible chamber 
device, a second pressure of said working fluid exiting said 
rotary expansible chamber device, a temperature differential 
of a working fluid across said rotary expansible chamber 
device, a first temperature of said working fluid entering said 
rotary expansible chamber device, a second temperature of 
said working fluid exiting said rotary expansible chamber 
device, a mass fluid flow rate of said working fluid through 
said rotary expansible chamber device, and a fluid flow direc 
tion of said working fluid through said rotary expansible 
chamber device, independent of at least one of an input rate of 
rotation, an input direction of rotation, and an input torque. 

25. A rotary expansible chamber device, comprising: 
an outer rotary component having a machine axis; 
an inner rotary component located relative to said outer 

rotary component so as to define a fluid Zone between 
said inner and outer components, said fluid Zone com 
prising a plurality of fluid volumes for receiving a work 
ing fluid during use, wherein said inner and outer rotary 
components are designed and configured to engage one 
another so that, when at least one of said inner and outer 
rotary components is continuously moved relative to the 
other and about an axis parallel to said machine axis, 
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said inner and outer rotary components continuously 
define at least one shrinking arc, at least one expanding 
arc, and at least one Zero Volume arc within said fluid 
Zone; 

a first working-fluid port in fluid communication with said 
fluid Zone and having a first circumferential extent and a 
first angular position about said machine axis; 

a first mechanism designed and configured to controllably 
change at least one of said first circumferential extent 
and said first angular position; 

a second working-fluid port in fluid communication with 
said fluid Zone and having a second circumferential 
extent and a second angular position about said machine 
axis; 

a second mechanism designed and configured to control 
lably change at least one of said second circumferential 
extent and said second angular position; and 

an arc of inaccessibility over which said fluid volumes do 
not have access to any working fluid port, including said 
first and second working-fluid ports, said arc of inacces 
sibility having a circumferential location and circumfer 
ential size, wherein changing any one of said first cir 
cumferential extent and said first angular position with 
said first mechanism changes at least one of said circum 
ferential location and said circumferential size of said 
arc of inaccessibility, and changing any one of said sec 
ond circumferential extent and said second angular posi 
tion with said second mechanism changes at least one of 
said circumferential location and said circumferential 
size of said arc of inaccessibility. 

26. The rotary expansible chamber device of claim 25, 
wherein said first mechanism is configured to control a Vol 
ume of a working fluid entering said fluid Zone. 

27. The rotary expansible chamber device of claim 25, 
wherein said first mechanism comprises a slide configured to 
be positioned at different angular positions about said 
machine axis. 

28. The rotary expansible chamber device of claim 25, 
wherein said first mechanism comprises a slide and an end 
plate, wherein said slide and said end plate are configured to 
controllably change at least one of said first circumferential 
extent and said first angular position by changing a circum 
ferential position of said slide relative to said end plate. 

29. The rotary expansible chamber device of claim 25, 
wherein said outer rotary component comprises an external 
gear having a plurality of troughs, and said inner rotary com 
ponent comprises an internal gear having a plurality of lobes, 
said lobes configured to engage said troughs. 

30. The rotary expansible chamber device of claim 25, 
wherein said first mechanism comprises first and second 
slides and a wedge disposed between said first and second 
slides, wherein said wedge and said first slide are spaced from 
one another so as to define said first working-fluid port, and 
said wedge and said second slide are spaced from one another 
So as to define said second working-fluid port. 

31. The rotary expansible chamber device of claim 30, 
wherein said wedge is positioned at an angular position about 
said machine axis where said plurality of fluid volumes tran 
sition to a Substantially Zero Volume. 

32. An energy recovery system, comprising: 
a first rotary expansible chamber device according to claim 

25; 
a second rotary expansible chamber device according to 

claim 25, said first rotary expansible chamber device 
mechanically coupled to said second rotary expansible 
chamber device; and 
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a condenser fluidly coupled to said first working-fluid port 
of said first rotary expansible chamber device and fluidly 
coupled to said second working-fluid port of said second 
rotary expansible chamber device: 

wherein said system is designed and configured to recover 
energy from a working fluid by exhausting the working 
fluid from said first working-fluid port of said first rotary 
expansible chamber device at a pressure below an ambi 
ent pressure, condense the working fluid, and then 
recompress the working fluid with said second rotary 
expansible chamber device to a pressure substantially 
the same as the ambient pressure. 

33. The energy recovery system of claim 32, wherein said 
first rotary expansible chamber device is configured to control 
a temperature or pressure of the working fluid at said first 
working-fluid port independently of a mass flow rate of the 
working fluid and a rotation rate of the first rotary expansible 
chamber device by adjusting said first mechanism. 

34. A single-phase refrigeration system, comprising: 
a first rotary expansible chamber device according to claim 

25; 
a second rotary expansible chamber device according to 

claim 25, said first rotary expansible chamber device 
mechanically coupled to said second rotary expansible 
chamber device; and 

first and second heat exchangers, said first heat exchanger 
fluidly coupled to said first working-fluid port of said 
first rotary expansible chamber device and said second 
working-fluid port of said second rotary expansible 
chamber device, and said second heat exchanger fluidly 
coupled to said first working-fluid port of said second 
rotary expansible chamber device and said second work 
ing-fluid port of said first rotary expansible chamber 
device; 

wherein said system is configured to function as a closed 
loop refrigeration cycle with a compressible single 
phase working fluid, wherein both of said first and sec 
ond rotary expansible chamber devices are designed and 
configured to control a mass flow rate of the working 
fluid independently of a temperature or pressure differ 
ential across said first and second rotary expansible 
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chamber devices by adjusting said first and second 
mechanisms of respective ones of said first and second 
rotary expansible chamber devices. 

35. A heating system configured to transfer heat to a con 
is trolled environment, the heating system comprising: 
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an open cycle engine coupled to a closed cycle engine; 
said open cycle engine comprising first and second rotary 

expansible chamber devices according to claim 25, and 
said closed cycle engine comprising third and fourth 
rotary expansible chamber devices, wherein said first, 
second, third, and fourth rotary expansible chamber 
devices are mechanically coupled with one another for 
coupled rotary operation thereof; 

said open cycle engine having a combustion chamber 
coupled to said first and second rotary expansible cham 
ber devices and configured to heat a first working fluid 
that has been compressed by said first rotary expansible 
chamber device, said second rotary expansible chamber 
device configured to extract energy from the first work 
ing fluid output by said combustion chamber; 

said closed cycle engine being thermally coupled to said 
open cycle engine by a first heat exchanger configured to 
transfer heat from the first working fluid to a second 
working fluid; and 

said third and fourth rotary expansible chamber devices 
being coupled to said first heat exchanger and a second 
heat exchanger, thereby forming a closed loop, said sec 
ond heat exchanger being thermally coupled to a con 
trolled environment such that the heating system is con 
figured to transfer heat to the controlled environment; 

wherein said first and second rotary expansible chamber 
devices are configured to control a pressure or tempera 
ture of the first working fluid independently of a mass 
flow rate of the first working fluid and a rotation rate of 
said rotary expansible chamber devices, said second and 
third rotary expansible chamber devices are configured 
to control a pressure or temperature of the second work 
ing fluid independently of a mass flow rate of the second 
working fluid and the rotation rate of said rotary expan 
sible chamber devices. 
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